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ABSTRACT	
	
	
	 Obesity	is	the	second	largest	modifiable	cause	of	preventable	death	in	the	
United	States.	Pregnancy	is	an	ideal	time	to	prevent	the	development	of	obesity	as	it	
offers	the	opportunity	to	influence	the	health	of	both	the	current	and	future	
generations.	The	Be-Well,	Behavioral	Wellness	in	Pregnancy,	intervention	is	a	
randomized-controlled,	multi-component	self-determination	theory	(SDT)-based	
intervention	designed	to	help	pregnant	women	meet	the	current	pregnancy	weight	gain	
guidelines	through	diet	and	physical	activity	(PA)	modification.	
	 Fifty-six	women	were	randomized	to	either	usual	care	(UC)	or	intervention;	48	(n	
=	23	intervention;	n	=	25	UC)	completed	the	study.	The	intervention	group	met	one-on-
one	with	a	Registered	Dietitian	Nutritionist	monthly,	beginning	at	weeks	8-14	gestation.	
Sessions	discussed	PA,	diet,	and	the	2009	IOM	pregnancy	weight	gain	guidelines.	
Motivational	interviewing	(MI)	was	used	to	target	the	constructs	of	SDT	and	facilitate	
behavior	change.	The	intervention	group	used	a	wrist-worn	activity	tracker	to	monitor	
daily	step	goals	and	followed	an	individualized	meal	plan	designed	to	improve	diet	
quality	and	modify	carbohydrate	intake.		
	 The	intervention	group	was	significantly	more	likely	to	gain	within	the	2009	IOM	
guidelines	(p	=	0.019).	Additionally,	36.4%	were	at	or	below	pre-pregnancy	weight	at	
two	months	postpartum	compared	to	12.5%	of	UC	(p	=	0.05).	The	intervention	group	
increased	PA	in	mid-pregnancy	(average	step/day,	p	=	0.0002;	moderate-vigorous	PA	in	
bouts	of	≥30	minutes,	p	=	0.008)	and	improved	diet	quality	(Healthy	Eating	Index-2010,	
p<0.01).	Moreover,	the	intervention	group	had	higher	scores	for	perceived	competence	
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for	diet	in	late	pregnancy	(p	=	0.0185)	and	perceived	competence	for	PA	in	mid-	and	
late-pregnancy	(p	=	0.0033	and	p	=	0.0019)	compared	to	UC.	Intervention	group	self-
efficacy	for	diet	increased	from	baseline	to	late-pregnancy	(p	=	0.0145)	and	was	higher	
at	two	months	post	partum	(p	=	0.0041).	Self-efficacy	for	exercise	also	increased	in	the	
intervention	group	from	baseline	to	mid-pregnancy	(p	=	0.0362).	
These	findings	support	that	GWG	interventions	can	be	effective	at	preventing	
EGWG	and	lays	the	foundation	for	future	intervention	research.	Future	work	should	
identify	how	to	conduct	an	intensive,	comprehensive	behavior	change	intervention	in	
the	clinical	setting.		
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CHAPTER	1:	GENERAL	INTRODUCTION	
	
Introduction	
	 In	society	today,	there	are	growing	concerns	about	population	health	in	both	the	
short-	and	long-term.	The	burden	of	chronic	disease	impacts	health	care	service,	
infrastructure,	and	economic	cost.	Our	current	model	demonstrates	a	cycle	of	care	for	
the	treatment	of	chronic	disease	that,	in	many	cases	is	preventable	and	a	high	cost	to	
our	nation.	Obesity,	a	preventable	condition,	is	considered	a	crisis	in	the	United	States	
today.1	According	to	recent	reports,	more	than	two	thirds	of	adults	are	considered	
overweight	or	obese.2	It	has	been	estimated	that	obesity	accounts	for	almost	10	percent	
of	the	national	health	care	budget	and	this	estimate	does	not	include	the	indirect	costs	
associated	with	obesity	such	as	cost	of	care	for	chronic	disease	associated	with	
comorbidities	of	obesity	such	as	diabetes,	heart	disease,	and	cancer.3			
	 One	possible	strategy	to	shift	the	current	dogma	of	treatment	over	prevention	of	
obesity	is	the	modification	of	obesity-causing	behaviors	during	pregnancy.	It	is	during	
this	unique	time	in	a	woman’s	life	that	the	health	of	one	individual	can	influence	the	
health	of	future	generations.	For	many	women	pregnancy	is	a	powerful	motivator	for	
positive	behavior	change.	Pregnancy	has	commonly	been	referred	to	as	a	“teachable	
moment”	in	which	women	are	more	aware	of	personal	risk,	outcome	expectations,	and	
have	a	strong	emotional	response	towards	adopting	risk-reducing	behaviors.4,	5	The	
combination	of	these	characteristics,	in	addition	to	increased	self-awareness,	creates	an	
ideal	environment	to	facilitate	behavior	change.			
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	 Not	only	is	pregnancy	an	important	time	to	target	behavior	change,	it	is	also	an	
important	time	to	target	and	prevent	obesity.	Data	from	the	2005-2014	National	Health	
and	Nutrition	Examination	Survey	(NHANES)	found	that	37%	of	women	between	20-39	
years	old	are	classified	as	obese.6	This	is	of	particular	importance	considering	women	
who	are	categorized	as	overweight	or	obese	are	at	an	increased	risk	of	gaining	an	
excessive	amount	of	weight	during	pregnancy	as	defined	by	the	2009	IOM	weight	gain	
guidelines.7,	8	Gestational	weight	gain	(GWG)	is	a	concern	to	maternal	and	fetal	health	
both	during	pregnancy	and	postpartum.	The	effects	of	excessive	GWG	(EGWG)	in	
pregnancy	are	linked	to	cesarean	delivery9,	large-for-gestational	age	infants	(weight	
above	the	90th	percentile	for	gestational	age)10,	macrosomia	(>4000	grams	weight	at	
birth)11,	and	childhood	obesity12,	13.	Furthermore,	EGWG	is	strongly	associated	with	
maternal	weight	retention,	a	significant	concern	for	women	with	an	overweight	or	
obese	BMI.	Women	considered	overweight	or	obese	are	already	at	increased	risk	for	
EGWG	and	in	turn,	increased	retention	of	weight	postpartum.14,	15	A	recent	impact	study	
provided	powerful	evidence	to	suggest	the	elimination	of	EGWG	would	result	in	a	10.7%	
and	9.3%	reduction	in	midlife	obesity	for	first	and	second	time	pregnant	women,	
respectively.16		
	 An	increasing	amount	of	research	has	explored	how	to	effectively	reduce	the	risk	
of	EGWG	and	as	a	result,	the	risk	of	long-term	health	consequences	to	both	mother	and	
child.	The	Blossom	Project	is	a	research	group	that	has	collected	observational	data	on	
pregnant	women	with	the	goal	to	better	understand	behaviors	during	pregnancy.	
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Results	from	the	initial	observational	studies	demonstrated	that	approximately	48%	of	
pregnant	women	in	central	Iowa	are	exceeding	the	2009	Institute	of	Medicine	(IOM)	
weight	gain	guidelines,	a	percentage	similar	to	the	national	trends.8,	17	Furthermore,	the	
same	women	were	not	meeting	the	current	physical	activity	(PA)	recommendations	for	
pregnant	women	and	spending	a	large	portion	of	the	day	in	sedentary	activity.18	The	
same	observational	data	showed	that	the	most	significant	predictors	of	GWG	included	
carbohydrate	intake	in	late-pregnancy	and	total	metabolic	equivalent	of	task	(MET)	
minutes	per	day.	
	 Findings	from	our	observational	work,	in	addition	to	the	wealth	of	observational	
pregnancy	literature,	helped	to	inform	the	design	of	interventions	to	promote	adequate	
weight	gain	during	pregnancy.	The	Blossom	Projects	first	randomized	controlled	trial	
(RCT),	‘Moms	to	Move’,	aimed	to	promote	adherence	to	the	current	PA	guidelines	by	
providing	women	with	an	overweight	or	obese	BMI	an	at-home	treadmill	to	use	
throughout	pregnancy.	The	intervention	was	effective	at	increasing	walking	among	
intervention	participants	compared	to	the	control	however;	there	was	no	significant	
difference	in	GWG,	postpartum	weight	retention,	or	infant	body	composition.	The	
second	RCT,	‘The	Blossom	Project	Online’,	used	a	behaviorally-based	website	specifically	
designed	to	increase	exercise	in	previously	sedentary	pregnant	women	and	in	turn,	
prevent	excessive	gestational	weight	gain	(EGWG).	Similar	to	the	first	RCT	‘Moms	to	
Move’,	the	intervention	was	successful	at	increasing	intentional	exercise	but	did	not	
have	an	effect	on	prevention	of	EGWG.	Post	study	analysis	was	conducted	to	determine	
a	possible	explanation	for	the	lack	of	efficacy	at	preventing	EGWG.	Results	showed	that	
		
4	
although	women	in	the	intervention	group	increased	physical	activity,	women	
compensated	by	eating	significantly	more	total	calories	and	spending	more	time	
sedentary.	19	
Both	Blossom	Project	RCTs	resulted	in	positive	behavior	change	during	
pregnancy	but	did	not	answer	the	commonly	asked	GWG	intervention	question:	how	
can	we	significantly	reduce	the	proportion	of	women	meeting	the	2009	IOM	weight	gain	
guidelines?	This	question	led	to	the	development	of	the	current	RCT	“The	Behavioral-
Wellness	in	Pregnancy”	(Be-Well)	study,	designed	using	the	successful	pieces	of	the	
previous	RCTs	but	modified	to	include	effective	components	of	behavior-change	
interventions	in	pregnant	and	non-pregnant	populations.		
A	2015	Cochrane	systematic	review	concluded	that	the	most	effective	RCTs	at	
preventing	EGWG	included	both	diet	and	exercise	behavior	modification.20	In	addition	
to	diet	and	exercise	modification,	weight	interventions,	in	both	pregnant	and	non-
pregnant	populations,	are	more	successful	at	improving	outcomes	if	a	behavior	theory	
and	behavior	change	techniques	are	used	to	inform	intervention	design.21,	22	
Furthermore,	the	current	recommendations	for	obesity	prevention	and	treatment	
include	the	use	of	an	individualized	and	intensive	intervention.23,	24	
The	Blossom	Project	Be-Well	study	was	developed	in	response	to	past	evidence,	
both	within	and	outside	of	the	Blossom	Project	RCTs,	and	incorporated	evidence-based	
practices	to	create	an	intervention	that	we	hypothesized	would	increase	the	proportion	
of	women	meeting	weight	gain	recommendations.	Results	from	this	study	can	be	found	
in	the	third	(efficacy	of	the	intervention	to	promote	adherence	to	weight	gain	
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recommendations),	the	fourth	(effect	of	the	intervention	to	support	healthy	behavior	
change	in	previously	sedentary	pregnant	women),	and	fifth	chapters	(impact	of	a	
theory-based	RCT	to	modify	psychosocial	variables	related	to	healthy	behavior	change	
during	pregnancy)	of	this	dissertation.		
Dissertation	Organization	
	 This	dissertation	consists	of	six	chapters	including	a	general	introduction,	a	
review	of	current	literature,	three	manuscripts	and	an	overall	conclusion.	Chapter	three	
is	“The	Behavioral	Wellness	in	Pregnancy	Study:	a	randomized	trial	of	a	multi-
component	behavioral	intervention	to	prevent	excessive	gestational	weight	gain”,	a	
manuscript	that	will	be	submitted	for	publication	to	the	American	Journal	of	Clinical	
Nutrition	(AJCN).	The	second	manuscript,	“Impact	of	a	behaviorally-based	randomized	
controlled	trial	on	maternal	healthy	lifestyle	throughout	pregnancy,“	is	found	in	chapter	
four	and	will	be	submitted	for	publication	to	Medicine	and	Science	in	Sports	and	Exercise	
(MSSE).	The	fifth	chapter,	“Efficacy	of	a	theory-based	intervention	to	modify	
psychosocial	variables	related	to	healthy	behavior	change	during	pregnancy,”	will	be	
submitted	to	the	journal	of	International	Society	of	Behavioral	Nutrition	and	Physical	
Activity	(ISBNPA).	The	appendices	of	this	dissertation	include	the	recruitment	
documents,	questionnaires	used	throughout	the	current	study,	and	material	developed	
for	the	intervention.	The	Institutional	Review	Board	at	Iowa	State	University	approved	
all	study	documents.		
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CHAPTER	2:	LITERATURE	REVIEW	
	
	
Maternal	Obesity	
Overview	of	prevalence.	Over	the	past	two	decades	the	prevalence	of	maternal	
obesity	and	excessive	weight	gain	during	pregnancy	has	dramatically	increased,	similar	
to	the	increasing	prevalence	of	obesity.1,	2	According	to	an	Institute	of	Medicine	(IOM)	
report	in	2009,	less	than	one-third	of	pregnant	women	gain	within	IOM	guidelines	for	
weight	gain	during	pregnancy	with	60-70%	of	overweight	and	obese	women	gaining	in	
excess	of	the	recommendations.3	A	recent	National	Health	and	Nutrition	Examination	
Survey	(NHANES)	reported	that	more	than	half	of	women	of	childbearing	age	are	
classified	as	overweight	or	obese,	putting	them	at	higher	risk	for	gaining	excessive	
weight	if	and	when	they	get	pregnant.4,	5	This	is	of	specific	concern	considering	that	
from	2005-2006	to	2013-2014	there	was	an	increase	in	class	3	obesity	for	women	
between	the	ages	of	20	to	39	years	old.4	Furthermore,	if	women	who	gain	excessively	
during	pregnancy	do	not	successfully	return	to	their	pre-pregnancy	body	mass	index	
(BMI)	before	their	next	pregnancy,	they	are	at	increased	risk	for	excessive	weight	gain	
and	in	turn,	deleterious	effects	for	their	offspring.6-8	
The	theory	that	nutrient	and	physiological	factors	alter	fetal	development	was	
first	proposed	in	1967	by	Barker	et	al.,	as	the	Developmental	Origins	of	Health	and	
Disease	(DOHaD)	theory.	The	theory	hypothesized	that	an	adverse	intrauterine	
environment	could	affect	disease	initiation	and	progression	in	later	life.9,	10		
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There	is	now	research	that	suggests	weight	gain	and	pre-pregnancy	BMI	of	
expectant	mothers	influences	the	weight	of	their	offspring,	both	in	early	infancy	and	
later	adolescence,	prompting	a	vicious	cycle	of	obesity	(Figure	1).	11-14	Infants	born	to	
obese	mothers	are	at	increased	risk	for	fetal	macrosomia	(birth	weight	of	more	than	
4,000	grams)	and	early-	or	late-onset	obesity	in	childhood.11	Previous	work	examining	
overweight	children	demonstrates	that	BMI	percentile	and	the	severity	of	obesity	are	
significant	predictors	of	adult	obesity	in	addition	to	elevated	risk	of	cardiovascular	
disease,	type	2	Diabetes	Mellitus,	and	all-cause	mortality	both	in	childhood	and	in	
adulthood.12,	13	Unfortunately,	in	our	society	today,	obesity	rates	are	high	in	adolescent	
groups,	possibly	as	a	result	of	the	maternal	factors	including	pre-pregnancy	BMI	and	
gestational	weight	gain	(GWG).15	
Figure	1.	Cycle	of	obesity	
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Examination	of	a	population-based	cohort	with	2,102,642	women	between	2011	
and	2012	observed	that	women	who	gained	above	the	2009	IOM	guidelines	had	a	1.5	to	
2.5-fold	increased	odds	of	being	diagnosed	with	gestational	hypertension,	preeclampsia,	
or	eclampsia	compared	to	their	pregnant	counterparts	that	gained	within	the	guidelines,	
regardless	of	BMI.16	There	continues	to	be	a	growing	body	of	evidence	to	suggest	that	
excessive	weight	gain	during	pregnancy	puts	offspring	at	risk	of	future	overweight	and	
obesity.17	With	increasing	rates	of	obesity	in	women	of	childbearing	age	and	the	
knowledge	that	women	are	gaining	more	than	previously	seen	during	pregnancy,	in	
addition	to	retaining	more	post-pregnancy,	it	is	a	critical	time	to	develop	an	approach	to	
prevent	excess	weight	gain	during	pregnancy	as	a	means	to	interrupt	this	vicious	cycle	
of	obesity.		
	 A	“Teachable	Moment.”	Pregnancy	is	a	time	in	which	many	women	are	
increasingly	aware	of	their	health	and	how	their	behaviors	influence	the	well-being	and	
the	health	of	their	offspring.	This	moment	in	time	is	often	defined	as	a	“teachable	
moment”	or	a	moment	in	time	when	women	are	more	likely	and	receptive	to	make	
healthy	lifestyle	changes.18	Furthermore,	women	are	in	regular	contact	with	their	
medical	provider	to	monitor	the	progression	of	their	pregnancy.		Research	shows	that	
medical	providers	do	not	consider	counseling	on	appropriate	ways	to	gain	weight	during	
pregnancy	as	a	high	priority	despite	the	urging	of	The	American	College	of	Obstetricians	
and	Gynecologists	(ACOG).	It	is	recommended	that	health	care	providers	to	offer	weight	
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gain	recommendations	based	on	the	2009	IOM	guidelines	at	the	initial	prenatal	visit	and	
periodically	throughout	pregnancy.	19-21	
Despite	medical	providers	assertion	that	they	do	not	believe	education	on	
appropriate	weight	gain	is	important,	over	50%	of	health	care	providers	report	that	they	
counsel	patients	on	appropriate	pregnancy	weight	gain.22,21		Furthermore,		a	survey	
conducted	of	433	obstetric	providers	by	ACOG’s	Research	Department	found	that	80%	
of	respondents	had	read	the	ACOG	Committee	Opinion,	“Obesity	in	Pregnancy”5	and	
86%	rated	it	as	“helpful”	or	“very	helpful”.19		
Although	medical	providers	report	that	they	believe	counsel	on	appropriate	
weight	gain	is	important,	it	is	not	consistent	with	the	findings	that	only	10	to	40%	of	
pregnant	women	report	that	their	health	care	provider	offered	information	on	
appropriate	weight	gain	during	pregnancy.23,	24	Based	on	current	qualitative	research,	
there	appears	to	be	a	disconnect	between	clinicians’	and	their	patients	perceived	level	
of	care	related	to	GWG	counseling.	
Research	shows	that	receiving	no	information	or	incorrect	advice	on	appropriate	
GWG	from	medical	providers	is	associated	with	excessive	gestational	weight	gain	
(EGWG).	The	Center	for	Disease	Control’s	(CDC)	Division	of	Nutrition,	Physical	Activity,	
and	Obesity	report	showed	an	association	between	women	receiving	no	advice	and	
EGWG.20	The	group	of	women	who	were	not	advised	about	GWG	were	twice	as	likely	
(OR	2.0,	95%	CI	1.5-2.7)	to	gain	excessively,	compared	to	the	women	that	were	advised	
to	gain	within	the	1990	IOM	GWG	recommendations.	Women	advised	to	gain	more	than	
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the	recommendations	were	more	than	three	times	as	likely	to	gain	excessively	(OR	3.6,	
95%	CI	2.4-5.5).20		
The	combination	of	medical	providers	lack	of	guidance	and	potentially	
inaccurate	GWG	recommendations	puts	women	at	increased	risk	of	pregnancy	
complications,	postpartum	weight	retention,	and	long-term	complications	for	both	
mother	and	infant.	While	weight	gain	during	pregnancy	is	expected	and	encouraged,	
expectant	mothers	need	guidance	on	how	to	appropriately	gain	weight	during	
pregnancy	to	prevent	excessive	gain	and	avoid	the	negative	consequences	of	EGWG.		
Without	the	proper	information	given	or	offered	by	their	medical	provider,	many	
women	seek	out	weight	gain	and	nutrition-related	recommendations	through	
alternative	sources.	Women	are	more	likely	to	turn	to	sources	such	as	the	Internet,	
books,	and	friends	for	this	information.24	More	than	32%	of	women	identified	the	
Internet	as	their	most	important	source	of	information	related	to	weight	gain	and	over	
80%	of	women	used	the	Internet	to	seek	out	the	recommendations.24		
Although	research	shows	that	pregnant	women	value	information	on	GWG	and	
counseling	on	how	to	gain	the	appropriate	amount	of	weight	to	achieve	a	healthy	
pregnancy,	it	appears	medical	providers	do	not	dedicate	much	time	to	counseling	on	
appropriate	weight	gain.25	Pregnant	women	are	willing	to	seek	out	this	information	
from	non-clinical	sources	such	as	the	Internet	or	media	sources	increasing	the	chance	
for	obtaining	inaccurate	information.		Given	this,	a	strong	need	exists	for	improved	
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guidance	within	the	health	care	setting	and/or	the	use	of	high	quality	evidence-based	
media	sources	for	prenatal	care.		
Gestational	Weight	Gain	
Overview	of	GWG	incidence	and	recommendations.	Gestational	weight	gain	is	a	
modifiable	risk	factor	for	maternal	and	fetal	health.	Guidelines	published	by	the	IOM	
outline	weight	gain	recommendations	based	on	pre-pregnancy	BMI.	IOM	has	provided	
guidelines	for	recommended	weight	gain	during	pregnancy	since	the	1990’s.	In	recent	
years	the	IOM	has	re-evaluated	past	standards	in	response	to	the	increasing	rates	of	
overweight	and	obesity	in	women	of	childbearing	age.	The	IOM	identified	the	need	to	
revise	previous	guidelines	in	order	to	prevent	adverse	maternal	and	fetal	health	
outcomes	including	postpartum	weight	retention,	cesarean	delivery,	gestational	
diabetes	mellitus	(GDM),	pregnancy	induced	hypertension	or	preeclampsia,	small	or	
large	for	gestational	age	infants,	preterm	birth,	and	childhood	obesity.	A	review	of	
outcomes	associated	with	the	recommendations	set	forth	by	IOM	confirms	that	the	
current	recommendations	are	associated	with	the	best	outcomes	for	both	mother	and	
infants.26		
Specifically,	the	2009	revisions	included	weight	gain	recommendations	based	on	
pre-pregnancy	World	Health	Organization	body	mass	index	(BMI)	cutoff	points:	<18.5	
kg/m2	(underweight),	18.5-24.9	kg/m2	(normal),	25-29.9	kg/m2	(overweight),	and	≥	30	
kg/m2	(obese).	Previously,	IOM	set	weight	gain	recommendations	were	based	on	BMI	
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categories	taken	from	the	Metropolitan	Life	Insurance	tables:	<19.5	kg/m2	
(underweight),	19.8-26	kg/m2	(normal),	>26	kg/m2	(overweight),	and	>29	kg/m2	(obese).		
Table	1:	2009	IOM	Weight	Gain	Recommendations	
Pre-pregnancy	Body	
Mass	Index	(BMI)	
Total	weight	gain	range	
kg	(lbs)	
Rate	of	Gain	per	week	of	2nd	and	3rd	
trimesters*	
Mean	range	in	
kg/wk	
Mean	range	in	
lbs/wk	
Underweight		
(<18.5	kg/m2)	
12.5-18	
(28-40)	
0.51	
(0.44-0.58)	
1	
(1-1.3)	
Normal	weight	
(18.5	-	24.9	kg/m2)	
11.5-16	
(25-35)	
0.42	
(0.35-0.50)	
1	
(0.8-1)	
Overweight	
(25.0	–	29.9	kg/m2)	
7-11.5	
(15-25)	
0.28	
(0.23-0.33)	
0.6	
(0.5-0.7)	
Obese	
(≥	30	kg/m2)	
5-9	
(11-20)	
0.22	
(0.17-0.27)	
0.5	
(0.4-0.6)	
Adapted	from	3		*Calculations	assume	a	0.5-2	kg	(1.1-4.4	lbs)	weight	gain	in	the	first	
trimester.	
		 A	resource	sheet	released	by	the	IOM	in	May	of	2009	shows	that	trends	in	
weight	gain	during	pregnancy	are	significantly	higher	than	the	recommended	guidelines	
for	weight	gain	during	pregnancy	as	reported	in	the	Pregnancy	Risk	Assessment	
Monitoring	System	(PRAMS).	Reports	suggest	that	50-70%	of	women	in	the	United	
States	are	gaining	in	excess	of	the	recommendations.16,	27	Furthermore,	recent	research	
has	found	that	more	than	80%	of	the	overweight	(OW)	category	of	women,	classified	as	
a	BMI	between	25.0-29.9	kg/m2,	gained	in	excess	of	the	2009	IOM	recommended	
guidelines.	27-29	This	is	very	concerning	as	excess	weight	gain	during	pregnancy	is	known	
to	increase	risk	of	future	obesity	and	diabetes	in	both	the	mother	and	child.12,	17,	30	
Normal	pregnancy	physiology	and	EGWG.	It	has	been	well	established	that	
weight	gain	is	necessary	in	pregnancy	to	support	growth	and	energy	storage.	According	
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to	Lederman	et	al	31,	“an	optimum	weight	gain	over	the	course	of	pregnancy	is	one	that	
produces	a	healthy	newborn	and	provides	sufficient	postpartum	maternal	fat	stores	to	
support	lactation	without	increasing	obesity	risk.”	The	placenta,	fetus,	and	amniotic	
fluid,	otherwise	known	as	the	products	of	conception,	alone	compromise	35%	of	total	
GWG.32	Changes	in	total	body	water	(TBW),	fat-free	mass	(FFM,	i.e.	protein	accretion),	
and	fat	mass	(FM)	are	largely	responsible	for	weight	gain	during	pregnancy.	Maternal	
tissue	accretion	accounts	for	approximately	two-thirds	of	total	gain	with	increases	in	
uterine	tissue,	mammary	mass,	expansion	of	maternal	blood	volume,	extracellular	fluid,	
and	maternal	fat	stores.	TBW	changes	are	controlled	by	hormonal	changes	necessary	to	
support	an	increase	in	plasma	volume	of	up	to	50%	by	the	third	trimester.33,	34	
In	addition	to	TBW,	lean	body	mass	(LBM)	includes	the	accrual	of	approximately	
one	kg	of	lean	mass	as	protein	or	FFM	in	late	pregnancy.	The	remaining	contributor	of	
maternal	weight	gain	is	FM	needed	as	an	energy	reserve	either	during	pregnancy	or	
lactation.	For	those	women	who	gain	in	excess,	the	gains	are	primarily	associated	with	
maternal	FM	accrual.	In	a	secondary	analysis	of	49	women	enrolled	in	a	randomized	
controlled	trial	found	that	EGWG	is	strongly	correlated	with	fat	mass	change	(r=0.87,	
p<0.001).35	This	is	supported	by	additional	studies	reporting	a	positive	correlation	
between	GWG	and	FM	accrual	(r=0.81,	p<0.00131;	r=0.76,	p=0.00131,	36).	
Lederman	et	al31	assessed	the	body	composition	of	196	women	(including	non-
Hispanic	white,	non-Hispanic	black,	and	Hispanic)	at	two	points	during	pregnancy,	weeks	
12-16	and	again	during	or	after	week	37	of	gestation.	Body	composition	was	assessed	
using	a	four-compartment	body	composition	model	with	body	density	measured	by	
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hydrodensitometry.		Total	body	weight	was	determined	by	the	dilution	of	an	orally	
administered	dose	of	deuterium,	and	dual-energy	absorptiometry	was	used	to	measure	
total	body	bone	mineral	mass.31	After	stratifying	the	women	by	pre-pregnancy	BMI	and	
weight	gain	category,	results	showed	that	FM	gain	was	highest	among	the	underweight	
(6.0	±	2.6	kg	gained	within	vs.	6.9	±	3.5	kg	gained	above	the	IOM	recommendations),	
followed	by	normal	weight	(3.8	±	3.5	kg	gained	within	vs.	6.0	±	3.1	kg	gained	above	the	
IOM	recommendations),	overweight	(2.8	±	4.1	kg	gained	within	vs.	4.2	±	6.9	kg	gained	
above	the	IOM	recommendations),	and	obese	(-0.6	±	4.6	kg	gained	within	vs.	3.1	±	3.9	
kg	gained	above	the	IOM	recommendations)	in	both	women	who	gained	within	and	
above	the	IOM	recommendations,	respectively.31	
Regardless	of	pregnancy,	increased	FM	has	negative	consequences	for	long-term	
health.	Women	who	gain	in	excess	during	pregnancy	and	increase	their	FM	may	be	at	
higher	risk	of	health	conditions	related	to	excess	FM	accrual.	The	same	Butte	et	al.37	
group	found	that	FM	retention	at	27	weeks	postpartum	was	5.3	kg	higher	in	those	who	
gained	above	the	recommendations	compared	to	a	FM	retention	of	2.3	kg	for	those	
who	gained	within	and	a	decrease	of	0.5	kg	FM	for	those	who	gained	below	the	
recommendations.		
Consequences	of	EGWG.	With	an	ever-increasing	obesity	rate,	specifically	in	the	
United	States,	preventing	excess	weight	gain	during	pregnancy	is	important	in	the	
prevention	of	lifelong	overweight	and	obesity	in	pregnant	women.	Weight	gain	during	
pregnancy	has	strong	implications	on	the	health	outcomes	of	both	child	and	mother.	
Excessive	gestational	weight	has	been	associated	with	failure	to	lose	weight	after	
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pregnancy	and	long-term	obesity	in	women.38-40	In	addition,	excess	weight	gain	during	
gestation	places	women	at	higher	risk	for	GDM,	cesarean	delivery,	preeclampsia	and	
pregnancy	morbidities	including	macrosomia	and	congenital	abnormalities.41-43		
Fetal	outcomes	and	GWG.	Gaining	in	excess	of	the	2009	IOM	guidelines	has	also	
been	shown	to	have	consequences	on	infant	outcomes.	Both	pre-pregnancy	BMI	and	
gestational	weight	gain	have	been	identified	as	modifiable	determinants	of	infant	size	at	
birth.29,	44,	45	There	is	well	established	research	showing	the	strong	associations	between	
higher	maternal	BMI	and	poor	outcomes	specifically	related	to	increased	birth	weight45,	
46,	infant	percentage	of	body	fat47,	48,	primary	cesarean	section45,	and	pre-eclampsia49.		
The	use	of	pre-pregnancy	BMI	and	weight	gain	during	pregnancy	are	valid	
predictors	for	large	for	gestational	age	babies	(LGA).29	The	HAPO	study	cohort	
demonstrated	the	relative	odds	of	birth	weight	being	greater	than	the	90th	percentile	
gradually	increased	with	both	75-gram	dose	oral	glucose	tolerance	test	(OGTT)	glucose	
levels	and	maternal	BMI.	Compared	with	women	who	are	normal	or	underweight	with	a	
normal	glucose	response,	the	relative	odds	of	birth	weight	exceeding	the	90th	percentile	
was	2.58	for	women	with	GDM	and	2.07	for	obese	women	with	a	normal	glucose	
response	(p<0.001).50	
Research	done	by	Hull	et	al48	showed	an	interactive	effect	between	GWG	and	
pre-pregnancy	BMI	on	infant	body	composition.	Specifically,	differences	were	found	
between	both	appropriate	and	excessive	GWG	groups	and	BMI	categories.48	Women	
who	gained	appropriately	by	2009	IOM	guidelines	but	were	obese,	as	determined	by	
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their	pre-pregnancy	BMI,	had	infants	with	significantly	greater	fat	mass	(472.9	g	±	56.0)	
and	percent	body	fat	(14.6%	±	1.4)	than	overweight	(303.6	g	±	46.1	fat	mass,	p<0.018;	
9.2%	±	1.1	percent	body	fat,	p<0.002)	and	normal	weight	(355.5	g	±	20.1	fat	mass,	
p=0.041;	11.2%	±	0.5	percent	body	fat,	p=0.014)	mothers.	Women	who	exceeded	the	
2009	IOM	guidelines	and	were	categorized	as	normal	weight	had	infants	with	
significantly	lower	fat	mass	(388.9	g	±	21.9)	and	percent	body	fat	(11.8%	±	0.5)	than	
infants	born	to	overweight	and	obese	mothers	(484.4	g	±	28.8,	p=0.004	and	486.4	g	±	
33.5,	p=0.012;	13.7%	±	0.7,	p=0.019	and	14.2%	±	0.8,	p=0.011,	respectively).	Overall,	
newborn	infants	of	women	who	gained	in	excessive	of	the	guidelines	and/or	are	
considered	obese	had	a	significantly	greater	fat	mass	and	percent	body	fat	compared	to	
women	who	gained	within	the	guidelines	and	had	a	normal	or	overweight	BMI.			
An	interesting	finding	from	this	study	was	that	overweight	mothers	who	gained	
excessive	weight	had	infants	with	a	significantly	greater	fat	mass	than	infants	born	to	
overweight	mothers	who	gained	appropriately	(484.4	g	±	28.8	vs.	303.6	g	±	46.1;	p	
=0.001).	Furthermore,	overweight	mothers	who	gained	appropriately	did	not	have	
infants	with	fat	mass	or	percent	body	fat	that	differed	significantly	from	normal	weight	
mothers	who	gained	appropriately	(9.2%	body	fat	vs.	11.2%	body	fat,	respectively).48	
However	overweight	women	who	gained	excessively	did	have	infants	with	significantly	
different	fat	mass	and	percent	body	fat	than	normal	weight	mothers	who	gained	
excessively	(13.7%	±	0.7	body	fat	vs.	11.8%	±	0.5	body	fat,	respectively;	p=0.019).		
The	timing	of	weight	gain	is	also	an	important	factor	in	neonatal	outcomes.	A	
retrospective	study	on	172	healthy	pregnant	women	evaluated	how	the	timing	and	
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amount	of	maternal	weight	gain	effects	neonatal	adiposity	at	birth.		Using	the	2009	IOM	
weight	gain	guidelines,	the	researchers	concluded	that	infant	birth	weight	increased	
with	increasing	maternal	BMI	(birth	weight	>4,000	g	in	5.2%,	12.1%,	and	28.5%	in	
normal,	overweight,	and	obese	mothers	respectively).51	Furthermore,	infants	born	to	
women	who	gained	excessively	in	the	first	half	of	their	pregnancy,	between	16-20	
weeks	gestation,	were	larger	and	had	excessive	body	fat	at	birth	compared	to	the	
women	who	gained	appropriately	(3,918	g	±	265	vs.	3,159	g	±	300	neonatal	weight,	
p<0.05;	17.5%	±	3.1	vs.	13.2%	±	4.1	percent	body	fat,	p<0.01).51	Infants	of	women	who	
gained	excessively	in	the	first	half	of	pregnancy	had	increased	risk	of	elevated	
percentage	body	fat	compared	to	women	who	gained	in	excess,	regardless	of	timing	(OR	
2.64,	95%	CI	1.35-5.17	v	OR	1.49,	95%	CI	0.80-2.79).	These	same	findings	were	not	
exhibited	in	women	who	gained	appropriately	prior	to	week	20	and	excessively	in	late	
pregnancy	(week	20	–	delivery).		
Outcomes	from	this	study	suggest	the	need	to	target	pre-pregnancy	BMI	and	the	
timing	of	weight	gain	when	considering	the	optimal	time	to	prevent	development	of	
obesity.	Early	intervention	to	prevent	EGWG	has	the	potential	to	promote	the	best	
outcomes	regarding	infant	fat	mass	and	percent	body	fat	based	on	the	fact	that	infants	
of	mothers	who	gain	excessively	are	more	likely	to	have	more	fat	mass	compared	to	
infants	whose	mothers	gain	appropriately.		
		 Maternal	postpartum	weight	retention.	An	important	contributing	factor	to	the	
weight	gain	in	women	of	childbearing	age	is	sustained	postpartum	weight	retention	
(PPWR).		A	strong	predictor	of	PPWR	is	EGWG,	with	women	retaining	a	substantial	
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amount	of	the	excessive	weight	gained	12	plus	months	postpartum.	Siega-Riz8	et	al	
reported	a	shift	in	4%	of	normal	weight	and	40%	of	overweight	women	to	the	obese	
BMI	category	at	12	months	postpartum.8	Furthermore,	two	large	prospective	studies,	a	
10	and	15	year	follow-up	found	that	weight	gain,	leading	to	classification	of	overweight	
status	were	both	related	to	weight	gain	during	pregnancy	and	the	year	after	childbirth.6,	
7	In	a	21-year	post	pregnancy	follow-up,	women	who	gained	outside	of	the	1990	IOM	
recommendations	had	an	increased	BMI	of	3.72	kg/m2	as	well	as	increased	odds	of	
being	overweight	(OR:	2.15;	95%	CI:	1.64,	2.82)	or	obese	(OR:	4.49;	95%	CI:	3.42,	5.89)	
suggesting	that	weight	gain	and	PPWR	contributes	to	the	rising	prevalence	of	obesity.52		
Recent	research	has	also	found	a	link	between	PPWR	and	number	of	previous	
live	births.53	To	prevent	PPWR	in	both	nulliparous	and	parous	women,	it	is	important	for	
mothers	to	gain	the	appropriate	amount	of	weight	during	each	pregnancy.	Appropriate	
weight	gain	will	reduce	the	risk	of	PPWR	and	the	short-	and	long-term	effects	of	EGWG.		
Gestational	diabetes	mellitus,	pre-eclampsia,	and	gestational	hypertension.	
The	increasing	prevalence	of	obesity	is	also	associated	with	rising	risk	for	gestational	
hypertension54,	preeclampsia49,	54,	and	GDM38,	42,	55	during	pregnancy	as	well	as	
hypertension,	cardiovascular	disease,	and	diabetes	mellitus	later	in	life.56,	57		The	
increased	risk	of	developing	these	specific	disease	states	is	also	associated	with	adverse	
pregnancy	outcomes	when	weight	gain	exceeds	2009	IOM	recommended	levels.		
Gestational	diabetes	mellitus	is	of	significant	concern	due	to	the	increasing	
diagnosis	rates,	which	puts	women	at	greater	risk	for	development	of	type	2	Diabetes	
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Mellitus	post-pregnancy.30,	58	The	Kaiser	Permanente	of	Colorado	GDM	Screening	
Program	found	GDM	prevalence	among	their	large	cohort	doubled	from	1994	to	2002.42	
The	increasing	rates	of	GDM	diagnosis	have	strong	implications	on	future	prevalence	
when	we	examine	the	relationship	between	weight	classification	and	the	risk	for	a	GDM	
diagnosis.	A	recent	large	retrospective	study	on	the	relationship	between	BMI	and	
maternal	outcomes	found	that	the	risk	of	GDM	increases	across	the	overweight	and	
obese	BMI	categories	at	an	odds	ratio	of	8.5	(99%	CI;	5.7-12.9).59	This	is	of	particular	
concern	considering	the	most	recent	NHANES	data	showing	obesity	rates	have	
significantly	increased	in	the	last	10	years	in	women	of	childbearing	age.4			
Gestational	Diabetes	Mellitus	is	characterized	by	a	maternal	decrease	in	insulin	
sensitivity	or	increased	insulin	resistance.	The	manifestations	of	these	alterations	results	
in	decreased	glucose	uptake	in	skeletal	muscle,	white	adipose	tissue,	and	liver,	
decreased	suppression	of	hepatic	glucose	production,	the	inability	of	insulin	to	suppress	
lipolysis	and	results	in	a	decreased	ability	of	insulin	to	suppress	amino	acid	turnover.60	In	
women	with	GDM,	by	late	pregnancy	whole	body	insulin	sensitivity	is	decreased	by	40%	
more	than	normal	pregnancy.61	These	changes	result	in	alterations	in	normal	fasting,	
postprandial,	and	24-hour	concentrations	of	amino	acids,	glucose	and	lipid	
concentrations.	Women	with	GDM	have	a	three-fold	increase	in	plasma	triacylglycerol,	
plasma	fatty	acids,	and	delayed	clearance	of	fatty	acids.61		
The	insulin	resistance	observed	in	women	with	GDM	is	indicative	of	the	typical	
type	2	diabetes	mellitus	abnormalities	in	glucose	metabolism.	The	specific	mechanism	
by	which	insulin	sensitivity	decreases	and	insulin	resistance	increases	is	unknown;	
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however,	the	metabolic	effects	of	several	hormones	and	cytokines	that	are	elevated	in	
maternal	blood	during	pregnancy	may	enhance	a	genetic	susceptibility	to	insulin	
resistance.62	Normal	glucose	metabolism	in	pregnant	women	progressively	changes	
during	pregnancy.	Unlike	normal	pregnancy,	β-cell	function	of	women	with	GDM	is	30%	
to	70%	lower	compared	to	normal	pregnancy.	The	dysfunction	of	β	cells	in	GDM	leads	to	
defective	insulin	action	resulting	in	increased	hepatic	glucose	production	and	in	turn,	
higher	blood	glucose	levels.60	In	addition	to	alterations	of	maternal	metabolism,	GDM	
influences	fetal	metabolism.	One	of	the	defining	characteristics	of	GDM	is	fetal	
overgrowth	resulting	from	maternal	metabolic	imbalance.	Maternal-fetal	glucose	
regulation	is	altered	in	GDM	as	evidenced	by	higher	fetal	glucose	levels	at	birth	
compared	to	infants	of	mothers	with	glucose	levels	in	a	normal	range.63	
The	risk	of	adverse	outcomes	is	also	linked	to	PPWR	such	that	with	increasing	
weight	retention,	the	likelihood	of	poor	outcomes	in	a	subsequent	pregnancy	increases.	
Villamor	and	Cnattinguis38	found	that	risks	of	pre-eclampsia,	gestational	hypertension,	
and	GDM	increase	with	an	increase	in	1	kg/m2.	The	reverse	was	seen	in	risk	for	pre-
eclampsia	when	women	lost	more	than	1	kg/m2	between	pregnancies.38	
There	also	appears	to	be	a	link	between	EGWG	and	the	development	of	pre-
eclampsia	and	gestational	hypertension.		Gestational	hypertension	is	defined	as	the	new	
onset	of	hypertension	after	20	weeks	of	gestation	and	is	associated	with	pre-eclampsia,	
characterized	by	proteinuria.	As	pre-pregnancy	BMI	increases,	the	risk	of	developing	
gestational	hypertension	or	pre-eclampsia	also	increases.64,	65	Haugen	et	al.65	showed	
that	both	nulliparous	and	parous	overweight	women	who	gained	in	excess	of	the	IOM	
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recommendations	had	increased	odds	for	development	of	gestational	hypertension	(OR	
1.55;	95%	CI:	1.03,	2.32	nulliparous;	OR	1.14;	95%	CI	0.71,	1.83	parous),	preeclampsia	
(OR	2.87;	95%	CI:	1.96,	4.88,	OR	1.5;	95%	CI:	1.01-2.24)	and	emergency	cesarean	section	
(OR	1.42	95%	CI:	1.14,	1.77,	OR	1.95;	95%	CI:	1.41,2.69).	These	findings	were	similar	in	a	
large	study	on	24,241	nulliparous	women	examining	the	risk	of	pre-pregnancy	BMI	with	
risk	of	pre-eclampsia.	According	to	their	finding,	women	classified	as	“Class	3	Obese”	are	
at	the	highest	risk	of	pre-eclampsia	(OR	7.2;	95%	CI:	4.0,	11.2)	followed	by	women	who	
are	categorized	as	class	I	and	II	obese	(OR	3.1;	95%	CI:	2.8,	3.5)	and	overweight	women	
(OR	1.6;	95%	CI:	1.2,	1.8)	as	compared	to	women	with	a	normal	BMI.64		
Childhood	obesity.	The	consequences	of	EGWG	on	infant	outcomes	persist	into	
adolescence,	with	the	children	of	mothers	with	EGWG	being	at	greater	long-term	health	
risk,	specifically	obesity.	In	the	Growing	Up	Today	Study	cohort	(GUTS;	n=	11,305	aged	
9-14),	offspring	of	the	women	who	participated	in	the	Nurses	Health	Study	II	(NHS	II),	
had	higher	z-scores	(0.14,	95%	CI:	0.09-0.18)	and	higher	odds	of	overweight	(1.27,	
95%CI:	1.12,	1.44)	and	obesity	(1.42,	95%	CI;	1.19-1.70)	if	they	were	offspring	of	women	
who	gained	above	the	1990	IOM	guidelines	compared	to	the	offspring	of	women	who	
gained	appropriately.44	This	is	supported	by	a	number	of	long-term	follow-up	studies	
that	further	provide	evidence	that	children	of	women	who	gain	excessive	weight	have	a	
greater	likelihood	of	becoming	obese	toddlers66	and	adults67.	Toddlers	born	to	mothers	
who	gained	above	the	2009	IOM	recommendations	in	the	Pregnancy	Infection	and	
Nutrition	(PIN	3)	study	had	higher	weight-for-age	(WAZ),	length	-for-age	(LAZ)	and	
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weight-for-length	(WLZ)	z-scores	at	birth	(WAZ,	LAZ,	and	WLZ,	p<0.001)	and	at	3	years	
old	(WAZ	p=0.01,	LAZ,	p=0.03).28		
The	consequences	of	GWG	on	offspring	not	only	include	greater	risk	of	
overweight/obesity,	EGWG	in	pregnancy	puts	children	at	greater	risk	of	asthma,	sleep	
disorders,	high	blood	pressure,	type	2	Diabetes,	early	growth	and	puberty,	and	
psychological	disorders	including	depression	and	anxiety.68,	69		
Diet	During	Pregnancy	
Dietary	intake	plays	an	important	role	in	the	management	of	GWG.	The	amount	
and	type	of	food	have	both	been	shown	to	impact	the	amount	of	weight	gained	during	
pregnancy.70-72	The	expectation	is	that	women	will	gain	weight	while	pregnant	and	as	
such,	should	increase	their	caloric	intake	to	achieve	the	recommended	gains.	However,	
in	our	society,	we	commonly	hear	the	term	“eating	for	two”,	suggesting	that	a	pregnant	
woman	should	double	her	normal	food	intake.	However,	the	expectation	is	not	that	
women	double	their	intake	but	rather	recommendations	provided	by	the	Food	and	
Agriculture	Organization/World	Health	(FAO/WHO/UNU)	recommend	no	increases	in	
energy	intake	during	the	first	trimester,	an	increased	energy	intake	of	340	kilocalories	
per	day	in	the	second	trimester,	and	452	kilocalories	per	day	in	the	third	trimester	to	
support	fetal	growth	and	increasing	maternal	BMR.73,74,	75	
By	the	second	trimester,	energy	needs	increase	in	response	to	the	growing	
needs	of	the	fetus.	Energy	needs	also	increase	to	support	changes	in	maternal	basal	
metabolic	rate	(BMR)	and	total	energy	expenditure	(TEE).	Throughout	pregnancy,	
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regardless	of	BMI,	BMR	increases	by	a	mean	rate	of	10.7	kilocalories	per	week	of	
gestation	and	TEE	increases	by	a	mean	of	5.2	kilocalories	per	gestational	week.76		
Several	observational	studies	suggest	that	there	is	an	association	between	
macronutrient	intake	(fats,	carbohydrates,	and	protein)	and	GWG.	Specifically,	diets	
high	in	total	fat	and	protein	were	positively	associated	with	GWG	(+2.6	kg	per	1	s.d.	of	
total	fat	intake,	p<0.001;	+	3.1	kg	per	1	s.d.	of	protein	intake;	p<0.001).72	Diets	with	a	
higher	glycemic	load	have	also	demonstrated	a	positive	association	with	EGWG	(β=0.16;	
95%	CI	0.4-0.29,	p<0.05).77	Furthermore,	a	study	on	the	Danish	National	Birth	Cohort	
found	that	higher	rates	of	GWG	were	observed	in	women	in	the	higher	quintiles	of	
glycemic	load	(p<0.001).78		
Olafsdottir	et	al.71	showed	that	only	the	women	who	gained	in	excess	of	the	IOM	
guidelines	increased	their	energy	intake	as	the	pregnancy	progressed	(108	±	672	
kilocalories	per	day,	p=0.010).	Overweight	women	who	gained	excess	weight	were	
found	to	increase	their	percentage	of	energy	from	fat	(1.2%	±	6.3	total	energy)	and	
decrease	their	percentage	of	energy	from	carbohydrates	(-0.7%	±	6.4	total	energy)	
throughout	the	pregnancy.	Overweight	women	who	gained	excessively	also	decreased	
their	intake	of	fiber	whereas	overweight	women	who	gained	appropriately	increased	
their	fiber	intake	(-1.4	±	5.8	vs.	3.4	±	7.5	g	per	2390	kilocalories,	respectively).	
Furthermore,	there	was	a	positive	relationship	between	high	intake	of	sweets	in	early	
pregnancy	(OR	=	2.52,	95%	CI	=	1.10-5.77,	p=0.029),	increased	energy	intake	in	late	
pregnancy	(OR	=	2.04,	95%	CI	=	1.17-3.58,	p=	0.012)	and	milk	consumption	(OR	=	1.82,	
95%	CI	=	1.08-3.06,	p=	0.024)	in	late	pregnancy	and	EGWG.71		
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In	a	cohort	of	342	obese	pregnant	women,	intake	of	added	sugars	was	positivity	
associated	with	GWG	(+2.8	kg,	95%	CI	0.8-4.9,	p=	0.02).		Sweets,	snacks	(e.g.,	chips,	
salted	peanuts,	popcorn),	cakes	and	ice	cream	were	relatively	strong	predictors	of	GWG	
(RR	=	1.84,	95%	CI	1.14-2.96,	p<0.0006),	with	increased	frequency	of	intake	associated	
with	greater	relative	risk	of	EGWG	(as	defined	as	>9kg	weight	gain).79	Based	on	current	
research	findings,	diet	is	known	to	be	a	predictor	of	GWG,	specifically	type	and	
composition	of	diet.	Special	attention	and	education	may	be	necessary	for	groups	at	
higher	risk	of	EGWG,	specifically	women	with	an	overweight	BMI.	Future	dietary	
interventions	should	utilize	the	information	on	the	relationship	between	dietary	intake	
and	EGWG	to	inform	how	diet	modification	and	management	is	used	within	the	
interventions.		
Physical	Activity	During	Pregnancy	
Adherence	to	physical	activity	guidelines	during	pregnancy	has	the	potential	to	
positively	impact	maternal	and	fetal	outcomes.	Along	with	dietary	intake,	physical	
activity	has	been	identified	as	a	modifiable	variable	during	pregnancy	that	may	aid	in	
meeting	weight	gain	recommendations.	Physical	activity	is	important	during	pregnancy	
not	only	to	potentially	control	weight	gain	but	also	minimize	gains	in	fat	mass.	Previous	
research	has	demonstrated	the	need	for	physical	activity	to	manage	the	elevated	state	
of	insulin	resistance	present	in	late	gestation.80,	81	
Specific	guidelines	for	physical	activity	during	pregnancy	were	first	introduced	in	
1985	by	American	College	of	Obstetricians	and	Gynecologists	(ACOG).82	The	original	
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published	guidelines	have	been	updated	and	adapted	to	reflect	what	is	now	known	
about	physical	activity	and	pregnancy.	Originally,	the	guidelines	were	established	to	
restrict	activity	to	no	more	than	15	minutes	at	a	time,	keep	their	heart	rate	below	140	
beats	per	minute,	and	to	not	start	an	exercise	program	when	pregnant	if	not	active	prior	
to	becoming	pregnant.82	Emerging	research	at	that	time	provided	evidence	to	show	
there	was	no	need	to	limit	activity	in	otherwise	healthy	pregnant	women.83	In	1994,	
ACOG	published	new	guidelines	that	encouraged	rather	than	limited	activity	during	
pregnancy,	including	removing	restrictions	on	heart	rate	and	exercise	duration	from	
their	guidelines.84		
By	2002,	recommendations	encouraged	moderate	exercise	for	30	minutes	a	day	
on	most,	if	not	all,	days	of	the	week	for	all	women	with	a	healthy	pregnancy	whether	or	
not	they	were	previously	active	or	inactive.85	In	2015,	ACOG	re-affirmed	these	
guidelines	in	a	new	publication	recommending	that	pregnant	women	participate	in	an	
exercise	program	with	the	goal	of	achieving	20-30	minutes	of	moderate-intensity	
activity	on	most	if	not	all	days	of	the	week.86	In	the	2008	U.S	Department	of	Health	and	
Human	Services	Physical	Activity	Guidelines	for	Americans,	specific	recommendations	
were	set	for	healthy	pregnant	and	postpartum	women.	The	2008	Physical	Activity	
Guidelines	for	Americans	recommends	at	least	150	minutes	of	moderate-intensity	
aerobic	activity	spread	throughout	the	week,	the	same	guidelines	for	PA	in	the	non-
pregnant,	healthy	adult	US	population.87		
Physical	activity	during	pregnancy	has	a	variety	of	benefits	including	
management	of	blood	glucose,	maintenance	of	muscle	mass,	and	greater	control	of	
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GWG.85,	88	Insulin	resistance	is	commonly	exacerbated	in	pregnant	women	with	a	high	
BMI	increasing	their	risk	for	gestational	diabetes.89	In	order	to	avoid	a	decrease	in	
muscle	mass	during	pregnancy,	regular	physical	activity	is	recommended.	In	addition	to	
maintenance	of	muscle	mass,	Olson	and	Strawderman90	showed	a	1.7	times	greater	
likelihood	that	women	who	are	less	active	during	pregnancy	than	before	pregnancy	will	
gain	more	than	recommended	as	compared	to	women	who	maintain	or	increase	their	
activity	level	during	pregnancy	regardless	of	pre-pregnancy	BMI.70	
Physical	activity	patterns	during	pregnancy.	Despite	the	well-established	
recommendations	and	known	benefits	of	physical	activity,	few	pregnant	women	are	
meeting	the	recommendations	for	physical	activity	during	pregnancy.	A	study	using	
recent	NHANES	data	found	that	pregnant	women	were	on	average	spending	12.0	±	0.86	
minutes	per	day	in	moderate	activity	and	less	than	1	minute	in	vigorous	activity.	Using	
objectively	measured	Actigraph	accelerometer	data,	total	time	spent	in	moderate	or	
vigorous	activity	declined	with	progression	of	pregnancy,	from	the	first	trimester	to	the	
third	(average	moderate	activity	7.6	±	0.59	minutes	per	day).	Furthermore,	they	
reported	that	women	spent	57.1%	of	their	time	in	sedentary	behavior	(SB).91	This	was	
further	demonstrated	in	a	recent	observational	study	reporting	that	women	in	their	
second	trimester	spent	at	least	70%	of	their	day	in	SB.92	
In	a	large	population-based	study,	Evenson	et	al.93	compared	reported	physical	
activity	data	collected	from	1,979	pregnant	women	to	44,657	non-pregnant	women	and	
observed	that	65.6%	of	pregnant	women	reported	some	physical	activity	in	the	last	
month,	compared	to	73.2%	of	non-pregnant	women.	Additionally,	only	15.8%	of	
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pregnant	women	reported	that	they	met	the	recommendations	of	150	minutes	weekly	
of	moderate	activity	compared	to	26.1%	of	non-pregnant	women.93	Further	research	
has	examined	the	trends	of	women	who	were	active	prior	to	pregnancy.	A	review	of	
activity	patterns	during	pregnancy	reported	a	relationship	between	pre-pregnancy	
exercise	levels	and	exercise	during	pregnancy.	Six	of	the	seven	studies	reviewed	found	
that	women	who	were	more	active	prior	to	pregnancy	were	significantly	more	likely	to	
remain	active	during	pregnancy	compared	to	their	more	sedentary	counterparts.94		
Activity	patterns	and	exercise	not	only	change	from	pre-pregnancy	to	pregnancy	
but	have	been	shown	to	shift	from	early	to	late	gestation.	A	large	cross-sectional	study	
assessed	the	prevalence	of	physical	activity	during	pregnancy	in	1,279	women.	The	
women	were	asked	to	complete	a	Pregnancy	Physical	Activity	Questionnaire	within	72	
hours	post-partum	to	assess	self-reported	physical	activity	during	pregnancy.	Women	
were	then	categorized	as	being	active,	defined	as	performing	exercise	twice	or	more	per	
week,	for	at	least	30	minutes	per	session,	or	sedentary.95	Overall,	the	prevalence	of	
exercise	was	lower	during	pregnancy	compared	to	before	pregnancy	(p=0.01)	and	
during	the	first	trimester	(13.6%)	and	the	third	trimester	(13.4%)	with	a	total	of	20.1%	of	
women	reporting	any	type	of	exercise	during	some	period	of	their	pregnancy.	
Furthermore,	only	7.2%,	7.6%,	and	4.7%	of	women	met	the	minimum	of	150	minutes	of	
aerobic	exercise	per	week	in	the	first,	second,	and	third	trimesters	respectively.95	
There	is	strong	evidence	to	suggest	that	most	women	are	not	meeting	the	
physical	activity	recommendations	during	pregnancy.	Furthermore,	research	shows	that,	
overall,	women	are	decreasing	time	spent	in	physical	activity	and	spending	a	substantial	
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portion	of	the	day	in	sedentary	behaviors	thus	exercising	less	and	sitting	more,	a	
combination	that	is	potentially	harmful	to	both	mother	and	fetus.		
Interventions	to	Prevent	GWG	
With	the	research	to	show	that	there	are	modifiable	behavioral	factors	that	can	
significantly	influence	the	risk	of	excessive	weight	gain	it	is	important	to	utilize	this	
knowledge	to	design	a	randomized	controlled	trial	to	identify	the	optimal	approach	to	
prevent	EGWG	to	decrease	the	risk	of	future	obesity.		
Dietary	Interventions	A	number	of	randomized	control	trials	have	been	
conducted	focusing	on	dietary	interventions	during	pregnancy.23,	96-99	Dietary	
interventions	typically	aim	to	promote	a	healthy	diet	during	pregnancy	utilizing	specific	
energy	intake	recommendations	including	percentage	of	energy	from	macronutrients	
and	maintenance	of	a	food	diary.		
In	a	randomized	control	trial	of	over	50	White	obese	pregnant	Danish	women,	
the	intervention	participants	(n=23)	were	instructed	to	eat	a	healthy	diet	according	to	
the	official	Danish	dietary	recommendations	(less	than	or	equal	to	30%	energy	from	fat,	
15-20%	protein,	and	50-55%	carbohydrate)	and	energy	intake	was	recommended	based	
on	individual	energy	needs.97	Use	of	dietary	intervention	proved	to	be	successful	in	
limiting	energy	intake	(1773	kcal/day	intervention	versus	2282	kcal/day	control,	
p<0.005)	and	limiting	EGWG	in	the	intervention	group	with	a	total	GWG	of	6.6	±	5.5	kg	
compared	to	13.3	±	7.5	kg	gain	in	the	control	group	(mean	difference	of	6.7	kg,	95%	CI	
2.6-10.8	kg,	p=0.002).			
		
32	
A	meta-analysis	of	7,278	women	from	44	randomized	controlled	trials	evaluated	
the	effects	of	lifestyle	interventions	in	pregnancy	and	identified	diet-based	interventions	
as	a	more	effective	treatment	approach	to	reduce	GWG	(-3.84	±	-5.22	to	-5.22	kg	weight	
gain,	p<0.001)	compared	to	physical	activity	(-0.72	±	-1.20	to	–	0.25	kg,	p<0.003)	or	
mixed	approach	(both	diet	and	physical	activity;	-1.06	±	-1.67	to	-0.46,	p<0.001).100	
According	to	this	meta-analysis,	dietary	interventions	that	recommend	women	eat	a	
balanced	diet	of	1591-1776	kcal/day,	a	low-glycemic	diet	with	whole	grains,	fruits,	
beans	and	vegetables,	and	a	healthy	diet	with	individualized	energy	intake	are	effective	
in	reducing	GWG.		
A	2016	systematic	review	of	13	randomized	controlled	intervention	studies	in	
overweight	and	obese	pregnant	women	concluded	that	there	is	variable	success	in	
reducing	GWG	with	implementation	of	a	dietary	intervention.101	Only	9	of	the	13	were	
effective	at	significantly	reducing	GWG	in	the	intervention	group	compared	to	the	
control;	however,	the	4	studies	that	did	not	find	statistical	significance	between	GWG	
did	report	a	trend	towards	lower	weight	gain	in	the	intervention	group.		In	addition	to	
GWG,	the	effect	of	intervention	on	diet	changes	was	variable,	with	only	five	studies	
reporting	an	effect	on	dietary	intake.		
One	tool	used	to	assess	diet	quality	is	the	Healthy	Eating	Index	(HEI),	a	diet	
quality	index	aligned	with	recommendations	form	the	Dietary	Guidelines	for	Americans	
(DGA).102	The	2010	version	of	this	index,	HEI-2010,	was	developed	as	a	way	to	assess	
compliance	with	the	2010	DGA103	and	has	been	shown	to	be	a	valid	and	reliable	
measure	of	diet	quality	for	all	segments	of	the	US	population	including	women	who	are	
		
33	
pregnant	or	lactating	.104	The	HEI-2010	reflects	the	updated	Dietary	Guidelines	for	2010	
to	evaluate	diet	quality	based	on	the	consumption	of	the	twelve	different	food	
categories	noted	previously,	where	nine	categories	scored	based	on	adequacy	of	intake	
(total	fruit,	whole	fruit,	total	vegetables,	greens	and	beans,	whole	grains,	dairy,	protein	
foods,	seafood	and	plant	proteins,	and	fatty	acids)	and	three	categories	based	on	
moderation	of	intake	(refined	grains,	sodium,	and	empty	calories).	Each	component	has	
a	maximum	point	total	of	5,	10,	or	20	points	with	a	maximum	score	of	100	for	the	
overall	index.	Based	on	the	total	HEI	score,	a	score	of	≥	80	is	considered	“good”,	a	score	
between	50	to	80	“needs	improvement”,	and	≤	50	is	“poor”.105	The	current	HEI-2015	
was	updated	in	the	spring	of	2017	and	retained	most	of	the	components	found	in	HEI-
2010.	HEI-2015	split	the	“empty	calorie”	component	into	two	new	components,	“added	
sugars”	and	“saturated	fats”,	to	better	reflect	the	DGA	2015	recommendation	on	
limiting	added	sugars	to	less	than	10%	of	total	caloric	intake.106	Evaluation	and	
validation	of	HEI-2015	are	ongoing	at	this	time.			
The	LIMIT	randomized	controlled	trial	used	the	2005	Healthy	Eating	Index	(HEI-
2005),	based	on	the	2005	Dietary	Guidelines	for	Americans	(DGA)107,	as	a	way	to	assess	
the	effects	of	a	dietary	intervention	on	a	group	of	overweight	and	obese	women.108	In	
the	LIMIT	intervention,	942	women	were	randomized	to	the	Lifestyle	Advice	group	
between	the	10th	and	20th	weeks	of	pregnancy	and	took	part	in	the	study	until	the	end	
of	their	pregnancy.	Each	woman	met	once	with	a	research	dietitian	who	provided	
dietary	advice	based	on	the	Australian	standards	and	received	individualized	meal	plans,	
healthy	recipes,	and	other	strategies	for	improving	diet	quality.	Women	in	the	Lifestyle	
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Advice	groups	made	dietary	goals	and	were	asked	to	self-monitor	progress	with	the	
assistance	of	a	workbook	provided	by	the	researchers.	The	initial	information	was	
reinforced	at	22,	24,	and	32	weeks’	gestation	women	with	a	trained	research	assistant	
via	telephone,	and	in-person	at	week	28	and	36	of	gestation	with	the	research	dietitian.	
This	group	of	women	also	received	physical	activity	education,	were	encouraged	to	set	
activity	goals,	and	asked	to	self-monitor	regular	activity	in	the	workbook	provided	by	the	
research	staff.		
At	study	entry,	28	and	36	weeks’	gestation,	all	participants	completed	the	
Harvard	Semi-quantitative	Food	Frequency	questionnaire.	Based	on	the	HEI-2005,	
women	receiving	the	Lifestyle	Advice	significantly	improved	their	diet	quality	based	on	
HEI	at	both	28	and	36	weeks	gestation	compared	to	the	standard	care	group	(73.35	±	
6.62	vs.	71.86	±	7.01,	p<0.0001;	72.95	±	6.82	vs.	71.17	±	7.69,	p<0.0001,	respectively).	
Women	in	the	Lifestyle	Advice	group	also	significantly	increased	their	consumption	of	
total	fruit,	whole	fruit,	and	dark-green	and	orange	vegetables	and	legumes	compared	
with	standard	care.		
HEI-2005	was	used	in	a	cross-sectional	study	to	assess	diet	quality	as	it	relates	to	
pre-pregnancy	and	pregnancy	weight	in	100	pregnant	women	in	Athens,	Greece.109	The	
mean	adjusted	HEI	score	for	all	women	across	pregnancy	was	66.9	±	0.6	but	varied	by	
pre-pregnancy	BMI.	HEI	score	during	pregnancy	was	negatively	associated	with	both	
pre-pregnancy	BMI	(r=	-0.298,	p≤	0.003)	and	pregnancy	BMI	(r=	-0.345,	p≤0.001).	
Women	with	a	normal	BMI	had	a	significantly	higher	HEI	compared	to	overweight	
women	(n=62,	67.1	±	0.6	v	n=19,	66.6	±	0.6,	respectively,	p	<0.01);	however,	there	was	
		
35	
no	difference	between	normal	weight	women	and	obese	women	(n=11,	67.1	±	0.6	v	
66.7	±	0.4).	
Based	on	this	evidence,	diet	quality	is	an	important	factor	to	consider	when	
designing	an	intervention	to	prevent	excessive	gestational	weight	gain.	Special	attention	
may	be	needed	for	overweight	women	based	on	diet	quality	prior	to	pregnancy.		
Physical	Activity	Interventions	Physical	activity	is	a	modifiable	factor	that	has	
been	studied	to	support	its	contribution	in	helping	pregnant	women	minimize	weight	
gain	during	pregnancy.	The	Project	Viva	cohort	study	(n=	1,388),	a	large	prospective	
cohort	study	including	Caucasian,	non-Hispanic	black,	Hispanic,	and	Asian	women,	
demonstrated	an	inverse	relationship	between	EGWG	with	mid-pregnancy	walking	(OR	
0.91;	95%	CI:	0.82-1.00,	per	half-hour	per	day)	and	vigorous	physical	activity	
participation	(OR	0.76;	95%	CI:	0.60-0.97,	per	half-hour	per	day).110	
A	meta-analysis	of	nine	supervised	physical	activity	interventions	and	three	
home-based	exercise	interventions	to	prevent	EGWG	found	that	there	was	a	significant	
mean	difference	in	weight	change	during	pregnancy	between	groups,	suggesting	a	
significant	reduction	in	GWG	in	the	intervention	group	on	average	(p	=	0.03)	overall.111	
However,	only	seven	of	the	studies	reported	a	reduction	in	GWG,	and	only	one	reported	
a	significant	difference	when	compared	to	the	control	group.111	The	other	five	studies	
did	not	observe	any	difference	in	GWG	compared	to	the	control	groups.111	
A	recent	physical	activity	intervention	using	a	web-based	behavioral	intervention	
to	increase	physical	activity	and	prevent	EGWG	in	previously	sedentary	women	was	
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successful	at	increasing	activity	but	unsuccessful	in	preventing	EGWG.112	The	group	
randomized	to	the	behavioral	intervention	(BI)	group	used	a	web-based	program	
designed	to	assist	with	goal	setting,	problem	solving,	and	enabled	pregnant	women	to	
self-monitor	physical	activity	using	a	calendar	to	track	exercise	from	enrollment	to	
delivery.	Women	in	the	BI	group	were	also	instructed	to	gradually	increase	to	150	
minutes	of	MVPA	per	week	by	gestational	week	19	and	maintain	that	level	of	activity	
until	delivery.	The	BI	was	effective	at	increasing	MVPA	in	bouts	of	at	least	20-	and	30-
minutes	from	baseline	data	collection	to	mid-pregnancy	and	compared	to	the	usual	care	
group;	MVPA	in	20-	and	30-minute	bouts	was	significantly	greater	in	the	BI	group	(122	±	
106	minutes	BI	in	20-minute	bouts	vs.	46	±	48	minutes	usual	care;	74	±	70	minutes	BI	in	
30-minute	bouts	vs.	14	±	24	minutes	usual	care,	p<0.01).	However,	there	was	no	
difference	in	the	proportion	of	women	who	met	the	2009	IOM	weight	gain	
recommendations	(33.3%	met	in	the	usual	care	vs.	27.3%	met	in	the	BI	group).112		
The	authors	suggested	that	one	possible	explanation	for	the	increased	activity	
with	no	effect	on	weight	gain	was	related	to	a	significant	increase	in	caloric	intake	in	the	
BI	group	at	mid-pregnancy	compared	to	the	usual	care	group	(1,894	±	594	calories	usual	
care	vs.	2,503	±	703	calories	BI	group,	p=0.005).	Furthermore,	repeated	measures	
analysis	found	that	the	BI	group	significantly	increased	caloric	intake	from	baseline	to	
mid-pregnancy	(336	±	127	calories,	p=0.04)	possibly	in	response	to	the	increase	in	
prolonged	walking	within	this	group.112	This	study,	unlike	other	PA	interventions	to	
prevent	EGWG,	found	that	when	women	increase	intentional	activity	there	is	also	a	
parallel	increase	in	caloric	intake.		
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There	is	little	evidence	to	support	that	physical	activity	interventions	alone	are	
effective	at	preventing	EGWG.	However,	there	is	strong	evidence	that	interventions	
targeted	at	physical	activity	can	increase	intentional	MVPA	with	or	without	a	significant	
reduction	in	total	GWG.		
Mixed	Approach	(PA,	diet,	and	counseling)	
Effectiveness	of	previous	mixed	approach	interventions	Research	on	the	
feasibility	of	a	theory-based	behavioral	lifestyle	intervention	during	pregnancy	to	
prevent	EGWG	is	somewhat	limited	due	to	the	lack	of	lifestyle	interventions	designed	
with	a	specific	theoretical	model.	Few	studies	have	looked	at	the	comprehensive	theory-
based	intervention,	including	physical	activity	and	dietary	interventions	as	well	as	
behavioral	or	counseling	strategies	to	prevent	EGWG	(Table	2).		
As	previously	stated,	recent	systematic	reviews	of	randomized	controlled	trials	
100,	113,	114	suggest	that	dietary	modification,	in	addition	to	physical	activity	are	necessary	
to	influence	GWG.	The	use	of	a	behavior	change	theory	is	an	additional	component	that	
has	the	potential	to	promote	adherence	to	the	2009	IOM	weight	gain	
recommendations.	Using	behavioral	theories	provides	greater	understanding	on	how	
interventions	work	by	identifying	underlying	mechanisms	that	enable	or	undermine	
behavior	change.		
A	systematic	review	published	by	the	Cochrane	library	in	2012	and	updated	in	
2015	evaluated	the	effectiveness	of	49	randomized	controlled	trials	with	at	least	11,444	
participants.	The	review	concluded	that	diet	or	exercise	interventions,	or	both,	reduced	
the	risk	of	EGWG	by	an	average	of	20%	(95%	CI,	13	to	27%)	overall.115	The	findings	from	
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the	Cochrane	review	are	similar	to	findings	from	a	recent	IPD	meta-analysis	in	which	
data	for	more	than	12,000	women	showed	that	pregnant	women	who	receive	any	diet	
or	physical	activity	intervention,	or	a	combination	of	the	two,	during	pregnancy	had	a	
significantly	lower	mean	GWG	(mean	difference	GWG	-0.70	kg,	95%	CI,	-0.92	to	-0.48,	I2	
=	14.1%).116		
A	number	of	previous	GWG	interventions	have	also	acknowledged	the	need	to	
influence	behavior	through	use	of	behavior	change	techniques	and	tools	in	order	to	
optimize	meeting	gestational	weight	gain	recommendations.18,	111,	117-120		The	
combination	of	both	diet	and	physical	activity	has	also	been	shown	to	be	effective	in	
preventing	EGWG.	Mottola	et	al.98	demonstrated	positive	results	in	a	combined	
nutrition	restriction	and	walking	program	intervention	study	in	overweight	Canadian	
pregnant	women,	the	Nutrition	and	Exercise	Lifestyle	Intervention	Program	(NELIP).98	
Seventy-five	overweight	women	(pre-pregnancy	BMI	25.0	–	29.9	kg/m2)	were	recruited	
between	16	–	20	weeks	gestation	to	participate	in	the	intervention	until	they	delivered.	
The	walking	program	was	individualized	based	on	target	heart	rate	(30%	of	peak	heart	
rate	reserve)	for	each	participant	and	was	performed	three	to	four	times	a	week	(40	
minutes	per	session)	under	supervision	of	the	researchers	at	least	once	per	week.		
The	results	of	this	intervention	showed	that	80%	of	the	participants	did	not	
exceed	2009	IOM	recommendations	while	on	NELIP	and	average	total	weight	gain	on	
NELIP	was	only	6.8	±	4.1	kg.51	Unfortunately,	many	women	had	gained	excessive	weight	
before	they	joined	the	program,	which	lead	to	an	average	of	12.0	±	5.7	kg	total	weight	
gain	by	the	end	of	the	intervention.	Mottola	and	colleagues	also	observed	a	significant	
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increase	in	average	daily	step	counts	from	the	baseline	value	of	5,677.6	±	1,738.0	steps	
to	more	than	10,000	steps	per	day.98	
As	demonstrated,	there	has	been	success	with	the	use	of	dietary	and	physical	
activity	interventions	to	prevent	EGWG98,	116	and	recent	work	has	examined	the	
effectiveness	of	behavioral	counseling	and/or	modification,	with	and	without	the	use	of	
a	behavior	change	theory,	in	addition	to	diet	and	physical	activity	strategies.18,	117,	118,	121-
124	Some	interventions	have	been	successful	while	others	have	seen	limited	outcomes	in	
relation	to	prevention	of	EGWG.23,	99,	122	
The	Fit	for	Delivery	study	is	considered	one	of	the	more	recent	and	somewhat	
successful	behavioral	interventions	in	the	current	literature.23	A	total	of	400	racially	
diverse	pregnant	women	of	all	body	weights	participated	in	the	study	from	10-16	weeks	
gestation	until	delivery	and	were	randomly	assigned	to	the	intervention	or	standard	
care	group.125	The	low-intensity	behavioral	intervention	group	included	all	aspects	of	
standard	care	provided	by	their	prenatal	care	providers	in	addition	to:	i)	face-to-face	
visit	with	an	interventionist	at	the	beginning	of	treatment	to	discuss	appropriate	weight	
gain;	ii)	suggested	physical	activity	goal	of	30	minutes	of	walking	most	days	of	the	week;	
and	iii)	dietary	modifications	through	set	calorie	goals	of	20	kcal/kg	with	an	emphasis	on	
decreasing	high	fat	foods	and	daily	self-monitoring	of	eating.	All	women	in	the	
intervention	had	contact	with	a	registered	dietitian	(RD)	three	times	during	their	
participation	through	10-15	minute	supportive	phone	calls.		
Furthermore,	women	were	provided	body-weight	scales,	food	records,	and	
pedometers	along	with	weekly	postcards	encouraging	healthy	eating	and	exercise	
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habits.	Weight	gain	was	monitored	throughout	their	pregnancy	by	personalized	graphs	
of	their	gains	and	any	woman	who	was	gaining	over	or	under	the	recommendations	
during	any	one	month	interval	received	additional	brief	phone	calls	with	the	RD.125	The	
results	from	this	study	showed	a	significant	difference	between	appropriate	weight	gain	
in	the	intervention	and	control	groups	in	normal	weight	women	(OR	0.38;	95%	CI:	0.20,	
0.87;	p	=	0.003)	however,	there	was	no	difference	in	appropriate	weight	gain	between	
groups	for	overweight	and	obese	women.125	A	difference	in	all	weight	groups,	normal	
and	overweight,	and	obese,	was	observed	for	return	to	pre-pregnancy	weight	at	6	
months	post-partum,	specifically	normal-weight	women	had	higher	odds	of	returning	to	
pre-pregnancy	weight	or	below	by	12	months	compared	to	overweight	and	obese	
women	(OR:	1.8,	95%	CI	1.1	to	3.0,	p	=	0.03).126	Postpartum	characteristics	including	
breastfeeding,	age,	parity,	and	delivery	weeks	were	not	found	to	significant	predictors	
of	return	to	pre-pregnancy	weight	at	12	months	postpartum.	Overall,	30.7%	of	the	
intervention	group	reached	their	preconception	weight	at	6	months	compared	to	the	
18.7%	of	standard	care	women.			
A	follow-up	to	the	study	published	recently	examined	the	12-month	outcomes	of	
the	intervention	with	particular	interest	in	PPWR	and	behavioral	changes.126	In	the	
women	who	completed	the	study	and	12-month	follow-up,	those	in	the	intervention	
arm	had	greater	odds	of	returning	to	their	pre-pregnancy	weight	at	12	months	
postpartum	(OR:	0.35;	95%	CI:	0.13,	0.98).
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Table	2.	Multi-component	interventions	in	pregnancy		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
Polley	et	al.,	
2002	
N=120	
All	BMI	
	
Clinical	RCT	
	
Pittsburgh,	
USA	
<20	wks	
	
Controls:	
Usual	care	
from	medical	
provider	and	
WIC	
Biweekly	
newsletters	
prompting	
healthy	
exercise	
habits;	
encouraged	to	
increase	
walking	and	
develop	more	
active	lifestyle	
Biweekly	
newsletters	
prompting	
healthy	eating	
habits	including	
decreasing	high-
fat	foods	and	
substituting	
healthier	
alternatives	(fruit	
and	vegetables)	
GWG	chart	with	
each	clinic	visit	
weight	sent	with	
feedback	after	
each	visit;	
additional	
feedback	&	goal-
setting	if	weight	
gain	outside	of	
recommended	
ranges	
	
Weekly	phone	
calls	from	research	
staff	to	discuss	
progress	towards	
goals	
	
1990	IOM	
**Decreased	
EGWG	in	
normal	
weight	
women	(33%	
vs.	58%)	
	
	
	
No	effect	on	
GWG	in	OW	
women	(59%	vs.	
32%)	
Kinnunen	et	
al.,	2007	
	
	
	
n=	105	
6	maternity	
clinics		
All	BMI,	
primiparas	
8-9	wks		
	
Control:	
n=56	
3	maternity	
Individual	
LTPA	(LTPA)	
plan;	asked	to	
achieve	800	
METmin	in	
Four	dietary	
recommendation
s:	1)	regular	meal	
patter	with	
breakfast	and	
One	primary	
dietary	counseling	
session	(20-30	
min)	and	three	
booster	sessions	
Increased	
*vegetable	&	
fruit	intake	
(0.8	
portions/day	
No	GWG	
difference	
between	control	
and	invention	
(14.3	kg	v	14.6	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Kinnunen	
et	al.	
	
Controlled	trial	
	
Finland	
clinics,	6	
public	health	
nurses	
(PHN);	
routine	visit	
with	PHN	
LTPA	per	
week	
one	hot	meal	
every	day,	2)	five	
portion/day	of	
vegetable	&	fruit,	
3)	intake	of	high	
fiber	bread	(>5	
g/100	g),	and	4)	
restrict	intake	of	
high-sugar	snacks	
to	<1	portion	per	
day	
(10	min)	and	one	
primary	PA	
counseling	session	
(20-30	min)	with	
four	booster	
sessions	(10-15	
min)	with	PHN	
	
Provided	
information	on	
weight	gain:	1990	
IOM		
more),	
**dietary	
fiber	(3.6	
g/day	more)	
in	
intervention	
group	
kg)	
Wolff	S,	et	
al,	2008	
	
	
	
	
	
	
	
	
	
	
n=50	OB	
	
RCT	
	
Copenhagen,	
Denmark	
15	wks	
	
Control:	No	
meetings	
with	RD	or	
restrictions	
on	energy	
intake	
None	
provided	
Healthy	eating	
according	to	the	
Danish	dietary	
recommendation
s	(Fat	30%,	
Protein	15-20%,	
carbohydrate	50-
55%)	EI	restricted	
based	on	
individually	
estimated	ER	and	
EE	cost	of	fetal	
10	consultations	of	
1	hour	each	with	
trained	RD	
	
Goal	6-7	kg	weight	
gain	
	
1990	IOM	
***Decrease
d	GWG:	(6.6	
vs.	13.3)		
	
***Decrease
d	kcal	and	fat	
intake		
Intervention	
group	
retained	6.9	
less	weight	
than	control	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Wolff	et	
al.	
growth	(factor	of	
1.4-	1.2	AF	+0.2	
fetal	growth)	
	
4wk	
postpartum;	
attenuated	
increases	in	
fasting	
insulin,	
leptin,	and	
glucose	
Claesson	et	
al,	2008∞	
	
N=438,	
OB		
	
Clinical,	
perspective	
case	control	
	
Sweden	
Early	
pregnancy	
	
Control:	
(n=193)	
usual	
prenatal	care	
Aqua	aerobics	
classes	weekly	
(1-2x	per	
week)	
Midwife	
educated	women	
on	effects	of	
poor	diet	and	
food	intake	
(written	material)	
and	weight	
control		
Weekly	30-min	
individual	session	
with	trained	
midwife	to	provide	
motivation	and	
information	on	
healthy	GWG	and	
behaviors	during	
pregnancy	
	
Goal	weight	gain:	
<7	kg		
Motivational	
Interview	
	
1990	IOM	
*Decreased	
GWG	(8.7	vs	
11.3	kg);	
	
*Increased	%	
gain	<7kg	
(35.7	vs.	20.5)	
No	difference	in	
neonatal	
outcomes		
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
Asbee	SM,	
et	al.	2009	
	
N=100		
	
RCT	
North	Carolina,	
USA	
<16	wks		
	
Control:	
n=43		
Routine	
prenatal	care	
Instructed	to	
engage	in	
moderate-
intensity	
exercise	at	
least	3x/wk	
and	
preferable	
5x/wk	
Provided	
pregnancy-
specific	diet	that	
consisted	of	40%	
of	calories	from	
carbohydrates,	
30%	of	calories	
from	protein,	and	
30%	of	calories	
from	fat	
Initial	visit:	met	
with	RD	to	receive	
a	standardized	
counseling	
sessions	with	
pregnancy-specific	
dietary	and	
lifestyle,	&	weight	
gain	
recommendations	
	
Provided	
information	on	
appropriate	
weight	gain	during	
pregnancy	and	
weight	from	each	
prenatal	
appointment	
plotted	on	IOM	
weight	gain	grid		
*Decreased	
GWG	in	
intervention	
group	(13.0	v	
16.6	kg)	
	
No	difference	
in	percentage	
that	met	
GWG	
recommenda
tions	(61.4%	
IG	v	48.8%	
control)	
	
	
	
Nulliparous	
women	gained	
more	weight	
than	parous	
women	(16.5	kg	
vs.	12.5	kg)	
Shirazian	T	
et	al,	
2010	
N=21,	
OB	
	
First	
trimester	
	
Encourage	
walking	as	
exercise	
Six	seminars	
focused	on	
overcoming	
Five	one-on-one	
counseling	
sessions	or	phone	
*Decreased	
GWG	(17.86	
vs	34	lbs)	
No	difference	in	
%	weight	gain	
≤15	lbs	(p=0.159)	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Shirazian	
et	al.	
Prospective	
historical	
matched	
control	
	
New	York,	USA	
Control	
(n=20):	
matched	to	
intervention	
group	for	
BMI,	parity,	
SES	
during	
seminars	;	
pedometer	
barriers	to	
healthy	living,	
nutrition	during	
pregnancy,	food	
label	reading	
Provided	food	
diary	and	written	
education	
materials	
calls	to	monitor	
progress	(at	least	
1/trimester)	
	
Goal	weight	gain:	
≤15	lbs	
	
1990	IOM		
Mottola	et	
al.,	2010	
	
	
	
N=65	
OW,	OB	
	
Research	
center	
intervention,	
historical	
control	
	
Canada	
16-20	wks	
	
Control:	
historical	
match	for	
pre-preg	
BMI,	age,	
parity	
(n=260)	
Asked	to	walk	
3-4x/wk	at	
30%	heart	
rate	reserve	
for	25	mins	
with	goal	of	
40	mins;	
Attendance	of	
≥1	session/wk	
at	research	
center;	self-
monitoring	
with	
pedometer	&	
exercise	log	
Individualized	
meal	plan	~2000	
kcal/day,	40-55%	
total	energy	from	
CHO,	30%	from	
fat,	20-30%	
protein,	snacks	
and	CHO	
distributed	
throughout	day;	
log	food	at	least	
1	day/wk	with	
feedback	
Meet	with	RD	to	
discuss	
individualized	
meal	plan	and	
weekly	weigh-ins	
at	research	center;	
weight	goal	of	0.3-
0.4	kg	per	wk	in	
2nd	&	3rd	trimester	
	
1990	IOM	criteria	
Decreased	
EGWG	during	
intervention	
	
**Decreased	
kcals	and	
CHO	intake,	
increased	
protein	
intake	from	
baseline	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
Phelan	et	al,	
2011∞	
	
N=401,	
All	BMI	
	
Randomized	
controlled	trial	
	
Providence,	
Rhode	Island,	
USA	
10-16	weeks		
	
Control:	
(n=200)	
usual	
prenatal	care	
+	WIC	
nutrition	
counseling;	
pregnancy-
related	
newsletters	
every	2	mo	
Asked	to	walk	
30	min	most	
days	+	
pedometers,		
	
Weekly	
postcards	to	
prompt	
exercise	
20kcal/kg/day	+	
self	monitoring	
of	eating	
(provided	body-
weight	scales,	
food	diaries)	
	
Weekly	postcards	
to	prompt	
healthy	eating		
Individual	
counseling	once	+	
3	brief	(10-15	min)	
supportive	phone	
calls	by	RD	
	
Personalized	
graphs	of	GWG	
(1990	IOM);	
additional	meal	&	
goal	planning	if	
gaining	outside	of	
recommendations	
	
Social	Learning	
Theory	
*Decreased	
EGWG	in	NW	
(40.2	vs	
52.1%);	
	
Lower	odds	
of	
**maternal	
gestational	
hypertension,	
*c-section,	&	
***macroso
mia		
No	difference	in	
OW/OB	women	
for	GWG	or	
pregnancy	
complications	
Althuizen	et	
al.,	2012	
	
	
	
	
	
	
n=	219	
	
Randomized	
controlled	trial	
	
Eight	
midwifery	
practices	in	
15	weeks	
	
Control:	
n=113;	Usual	
care	
provided	by	
midwives	
Encouraged	to	
participate	in	
30	min	of	
mod	activity	
on	5	or	all	
days	of	the	
week;	
	
Provided	
education	on	
energy	balance,	
set	nutrition	
related	goals	
with	focus	on	
decreasing	high	
fat	foods.		
Four,	15	min	face-
to-face	counseling	
sessions	with	
counselors;	used	
principles	of	
Problem	Solving	
Treatment	for	
primary	care	(PST-
	
	
	
	
*Higher	mean	
birth	weight	in	
intervention	
group	
	
No	intervention	
effect	on	EGWG	
(71%	EGWG	of	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Althuizen	
et	al.	
Dutch	towns	
with	23,000–
735,000	
inhabitants.	
	
Personalized	
goals	made	at	
each	
counseling	
session	for	
type,	
frequency,	
intensity,	and	
duration	of	
activity		
pc)	
	
GWG	goal:	IOM	
1990	
recommendations	
by	BMI-group;	
weight	plotted	on	
chart	for	each	
session	
total),	
postpartum	
weight	retention	
	
Bogaerts	et	
al,	2013	
	
	
	
	
	
	
	
	
	
	
	
	
n=	197	
OB	(BMI	≥29)	
	
Randomized	
controlled	
longitudinal	
trial	
	
		
<15	weeks	
	
Control:	
n=63;	
routine	
prenatal	care	
	
Brochure	
group:	n=58;	
routine	care	
+	brochure	
with	
nutrition	and	
physical	
Counseled	by	
midwives	on	
energy	
balance,	
reading	food	
labels,	and	
healthy	food	
pyramid	for	
pregnancy	
women.	
Energy	
recommendat
ions	given:	50-
55%	
Methods	to	
increase	physical	
activity	discussed	
with	midwives	
Four	1.5-2	hour	
counseling	
sessions	using	
motivational	
interviewing	
	
Transtheoretical	
model	
	
2009	IOM	
*Significantly	
lower	GWG	in	
intervention	
and	Brochure	
group	
compared	to	
control	(10.6	
and	9.5	kg,	v	
13.5	kg)	
Women	in	
Brochure	group	
had	lower	%	of	
EGWG	and	total	
GWG	than	
intervention	
group	(53.4%	v	
61.8%,	10.6	v	9.5	
kg)	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Bogaerts	
et	al.	
activity	
advice	during	
pregnancy	to	
reduce	limit	
EGWG	
carbohydrate,	
30-35%	fat	
intake,	9-11%	
protein	
energy	intake.	
Ruah	et	al.,	
2013	
FeLIPO		
N=250	
NW,	OW,	OB	
	
Clinical	
Cluster-RCT	
	
Germany	
20	wks	
	
Control:	
routine	
prenatal	care	
with	handout	
with	general	
healthy	
lifestyle	
information	
(no	diet	or	
weight	gain	
advice)	
Aim:	
substitute	
intake	of	
energy-dense	
foods	and	
high-fat	foods	
with	low-fat	
alternatives,	
&	more	fruits,	
vegetables,	
and	whole	
grain	food.		
	
Individual	
feedback	at	
20th	and	30th	
week	on	
nutrition	
habits.		
Provided	
information	on	
PA	guidelines	
(ACOG)	and	
asked	women	to	
follow	the	FITT	
criteria	
(frequency,	
intensity,	time,	
type).	Given	list	
of	local	prenatal	
exercise	
programs	and	
advised	to	
participate.		
Counseling	
modules	at	20th	&	
30th	week	
gestation	with	
trained	
researcher.	
Counseled	on	
nutrition,	PA,	and	
GWG	monitoring:	
weekly	self-
monitoring	of	
weight	on	
individualized	
weight	gain	chart;	
goal-setting	
	
2009	IOM	
**Decreased	
GWG	(14.1	vs	
15.6	kg);	
	
**Decreased	
EGWG	(38	vs.	
60%)	
No	difference	in	
GDM,	birth	
weight,	LGA,	
mode	of	delivery	
between	groups	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
Dodd	et	al.,	
2014		
	
LIMIT	RCT	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
n=	1,873	
	
Multicentre,	
randomized	
trial	
	
South	Australia	
10-20	weeks		
	
Control:	n=	
928	
Routine	
advice	on	
diet,	
exercise,	and	
GWG	
Lifestyle	
advice	(LA)	
group:	
Educated	on	
benefits	of	
exercise	
during	
pregnancy,	
provided	tips	
to	increase	
incidental	
activity	and	
walking,	and	
leisure	time	
PA	
	
Walking	group	
(n=40,	nested	
group	of	LA):	
In	addition	to	
LA	group	
components;	
participate	in	
>3/wk	
Diet	advice	given	
based	on	
Australian	
standards.	
Individualized	
education	with	
meal	plan	and	
healthy	eating	
tips	
Delivered	by	RD	
and	trained	
research	assistant	
	
Goal-setting,	self-
monitoring	
progress	with	
workbook,	
&problem-solving	
	
2009	IOM		
*Significant	
improvement	
in	HEI	score	
for	LA	group	
compared	to	
control	at	
28wks	&	
36wks		
	
**Significant	
improvement	
in	total	
physical	
activity	in	LA	
group	
compared	to	
control		
No	difference	in	
GWG	between	
groups	(9.39	kg	
LA	vs.	9.44	kg	C)	
	
No	significant	
difference	
between	groups	
for	infant	born	
LGA,	preterm	
birth,	or	birth	
complications	
	
Low	participation	
in	Walking	group	
(only	14%	of	
women	attended	
at	least	one	
session)	
		
50	
Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
	
Dodd	et	al…	
supervised	
walking	
sessions	
Skouteris	et	
al,	2016	
HIPP	study	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
n=261	
All	BMI	
	
Randomized	
controlled	trial	
	
Victoria,	
Australia	
18	weeks	
	
Control:	
Education	
Alone	(EA)	
n=	131	
Attended	
two	
education	
session	+	
usual	
prenatal	care	
Not	specified	 Not	specified	 Heath	Coaching	
(HC)	
Individual	
counseling:	1-hr	
session	(in-person	
or	on	phone)	at	
baseline,	½	hr	
session	at	27	
weeks,	15-min	
follow-up	at	30	
wk,	and	optional	
15-min	call	at	32	
wk	with	Health	
Coach;	promote	
healthy	behaviors	
and	address	mood	
management/bod
y	image	issues	
	
Group	counseling:	
two	3-hr	
*Higher	
readiness	and	
importance	
to	achieve	
healthy	GWG	
&	increased	
knowledge	
for	
appropriate	
GWG	in	HC	
group	
	
*Improved	
sleep	quality	
in	HC	group	
	
	
No	difference	in	
EGWG	between	
groups	(40%	HC	
vs.	36%	EA)	or	
total	GWG	(12.82	
kg	HC	vs.	12.07	
kg	EA)	
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Table	2.	continued		
Author,	
year		
	
Demographic	
information	
and	design	
Intervention	
start	
Physical	
Activity	
Diet	
Modification	
Counseling	
component	
(theory	or	
approach)	
Success	
outcomes	
Expected	
outcomes	not	
met	
…Skouteris	
et	al.	
education	group	
session;	
information	on	
healthy	behaviors,	
stress	control	&	
coping,	and	goal-
setting	
	
2009	IOM	
*P≤0.01;	**P<0.05;	***P≤0.05≤P<0.06.		
∞Used	a	behavior	change	theory	or	behavior	change	technique	
IOM:	Institute	of	Medicine;	RD:	Registered	Dietitian;	PA:	physical	activity;	EI:	energy	intake;	ER:	energy	restriction;	EE:	energy	
expenditure;	USA:	United	States	of	America;	RCT:	randomized	controlled	trial;	EGWG:	excessive	gestational	weight	gain;	
GWG:	gestational	weight	gain;	OB:	obese;	OW:	overweight;	LTPA:	leisure	time	physical	activity
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Furthermore,	of	the	women	in	the	intervention	arm	that	gained	in	excess	of	IOM	
guidelines,	a	greater	percentage	of	them	returned	to	pre-pregnancy	weight	at	12	
months	compared	to	the	standard	care	group	(29.5%	intervention	versus	15.5%	usual	
care).	Researchers	also	showed	significant	improvement	in	cognitive	restraint	scores	in	
the	intervention	group	compared	to	standard	care	(p=0.04	during	pregnancy;	p=0.051	6	
months	postpartum)	and	an	increase	in	the	proportion	of	women	that	participated	in	
self-weighing	practices	in	the	intervention	group	at	30	weeks	gestation	(OR:	13.7,	95%	
CI:	5.8-43.6,	p=0.0001)	and	6	months	postpartum	(OR	2.7,	95%	CI:	1.3-45.9,	p=0.009).	
There	was	a	small	but	insignificant	increase	in	physical	activity	in	the	intervention	group	
from	early	pregnancy	to	6	months	postpartum	(F=2.5,	p=0.06).	A	significant	effect	at	12	
months	was	only	observed	in	self-weighing	practices	(OR:	2.7,	95%	CI	1.2-6.1,	p=0.02)	
and	physical	activity	variables.		
Findings	from	the	Fit	for	Delivery	intervention	are	consistent	with	results	from	
the	preliminary	study	that	was	used	to	inform	the	Fit	for	Delivery	design.99	The	Fit	for	
Delivery	preliminary	study	reported	that	the	number	of	normal	weight	women	who	
exceeded	the	IOM	guidelines	was	significantly	less	for	those	participating	in	the	
intervention	compared	to	those	with	usual	care	(33	versus	58%,	respectively;	p<0.05).99	
However,	as	seen	with	Fit	for	Delivery,	there	was	no	significant	effect	on	overweight	
women	participating	in	the	intervention	with	59%	of	the	intervention	and	32%	of	the	
control	gaining	more	than	recommended.125	Both	studies	demonstrated	that	a	low-
intensity	behavioral	intervention	significantly	reduced	the	proportion	of	women	who	
exceed	the	IOM	weight	gain	recommendations	in	normal	weight	women;	however,	
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further	research	is	needed	to	determine	how	to	effectively	prevent	EGWG	among	
overweight	and	obese	women.		
A	recent	publication	evaluating	a	failed	counseling	intervention	proposed	several	
recommendations	to	improve	the	outcomes	for	future	randomized	controlled	trials	
aiming	to	promote	appropriate	weight	gain	during	pregnancy.127	Conclusions	were	
drawn	from	the	New	Life(style)	randomized	trial	in	which	the	intervention	arm	of	the	
study	consisted	of	five	individualized	counseling	modules	discussing	weight	gain	during	
and	after	pregnancy,	physical	activity	and	diet,	and	how	to	maintain	or	optimize	healthy	
lifestyle	throughout	their	pregnancy.122	Counseling	sessions	were	provided	by	two	
counselors	with	a	background	in	physical	activity	or	remedial	education	and	were	held	
face-to-face	at	18,	22,	30	and	36	weeks	of	gestation	with	a	telephone	session	at	8	weeks	
postpartum.127		
There	was	no	effect	on	the	prevention	of	excessive	weight	gain	(β=	-0.05;	95%	CI:	
-1.10,	1.00)	or	postpartum	weight	retention	(B	=	0.94;	95%	CI	-2.41,	0.53)	between	the	
control	and	intervention	group.	In	total,	145	out	of	the	219	women	regardless	of	group	
(71%)	gained	more	than	the	recommended	weight	between	15	and	35	weeks	of	
gestation.	Results	from	the	follow-up	fidelity	analysis	revealed	low	attendance	at	all	
counseling	session	(<60.4%),	moderate	to	low	dose	of	intervention	and	behavioral	
theory	components	at	the	counseling	sessions	(17.3-60.5%),	and	better	performance	
based	on	fidelity	criteria	by	one	of	the	two	counselors	(p<0.001).127		
A	large	meta-analysis	and	a	systematic	review	of	interventions	found	mixed	
results	on	the	effectiveness	of	prevention	of	weight	gain	during	pregnancy.100,	128	In	the	
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Skouteris	et	al.128	systematic	review	6	of	the	10	studies	reported	significantly	less	weight	
gain	in	women	who	participated	in	a	theory-based	intervention	program,	with	a	mix	of	
weight	reduction	across	all	BMI	groups.	Two	of	the	successful	behavior	change	
interventions	utilized	motivational	interviewing,	a	behavior	change	technique,	as	part	of	
the	intervention.	Of	the	interventions	targeting	healthy	lifestyle	behaviors	(i.e.,	eating	
and	physical	activity	habits)	four	of	the	six	reported	significant	improvements	in	
nutritional	habits,	however	only	one	of	the	five	studies	measuring	physical	activity	
reported	significant	behavior	change	in	relation	to	increased	activity.128		
Thangaratinam	et	al.100	presented	a	more	comprehensive	meta-analysis	with	44	
relevant	RCT	evaluating	three	categories	of	interventions:	diet,	physical	activity,	and	a	
mixed	approach.100	The	mixed	approach	included	at	least	one	of	the	following:	
counseling	sessions,	education	regarding	the	benefits	of	diet	and	physical	activity,	and	
feedback	on	weight	gain.	The	results	showed	that	there	was	a	1.42	kg	reduction	(95%	CI:	
0.95	–	1.89)	in	GWG	with	any	intervention	(diet,	PA,	and	a	mixed	approach)	compared	
with	control;	however,	the	largest	reduction	was	found	in	dietary	interventions	(3.84	kg;	
95%	CI:	2.45	–	5.22,	p	<	0.001).	Similar	to	Skouteris	et	al.128,	this	meta-analysis	showed	
that	there	was	no	significant	difference	between	the	groups	in	meeting	the	IOM	weight	
gain	recommendations	(relative	risk	0.85;	95%	CI:	0.66	–	1.1).		However,	studies	based	
on	theory	were	more	effective	compared	to	non-theory	based	studies	targeting	EGWG.		
Both	reviews	recommended	further	and	more	intensive	use	of	targeted	behavior	
change	interventions	including	motivational	interviewing	and	self-monitoring	in	order	to	
provide	the	most	benefit	for	the	pregnant	population.	According	to	the	researchers,	
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emphasis	should	be	placed	on	previously	successful	diet-based	interventions	utilizing	
individualization	of	a	healthy	diet	with	a	maximum	of	30%	fat,	15-20%	protein,	and	50-
55%	carbohydrates.	The	need	for	use	of	a	combination	of	behavioral	interventions	in	
addition	to	patient	education	was	also	highlighted.		
Although	there	is	limited	evidence	to	support	the	efficacy	of	lifestyle	
interventions	to	prevent	EGWG,	a	recent	publication	from	the	American	Heart	
Association	(AHA)	found	strong	evidence	to	support	the	use	of	a	more	intensive,	
comprehensive	lifestyle	intervention	in	overweight	and	obese	adults.	The	AHA	2013	
guidelines	for	the	management	of	overweight	and	obesity	in	adults	provided	strong	
evidence	that	an	in-person,	high-intensity	comprehensive	lifestyle	interventions	
provided	in	individual	or	group	session	by	a	trained	interventionist	is	the	most	effective	
behavioral	weight	loss	treatment	intervention.129	A	comprehensive	lifestyle	intervention	
was	defined	as	one	that	included	diet	modification,	increased	physical	activity,	and	a	
structured	behavior	change	program	that	includes	regular	self-monitoring	of	food	
intake,	physical	activity,	and	weight	gain.	There	is	a	need	for	research	on	the	use	and	
effectiveness	of	a	high-intensity,	comprehensive	lifestyle	intervention	during	pregnancy	
to	prevent	EGWG.		
Behavior	Change	Counseling	Theory	and	Strategies	
Need	for	behavior	change	theory	Pregnancy	is	a	teachable	moment,	which	lends	
to	it	being	an	ideal	point	in	time	to	promote	behavioral	change.	The	description	of	a	
“teachable	moment”	is	defined	as	a	naturally	occurring	life	transition	or	health	event	
that	is	thought	to	motivate	individuals	to	spontaneously	adopt	risk-reducing	health	
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behaviors.18	Using	the	time	during	pregnancy	to	target	behavioral	change	relating	to	
diet	and	physical	activity,	as	well	as	change	psychological	factors	such	as	motivation	
and/or	confidence	to	make	behavior	change,	could	make	a	difference	in	weight	gain	
during	pregnancy	and	long-term	weight	management.	Use	of	a	well-established	
theoretical	framework	and	evidence-based	counseling	strategies	are	essential	in	yielding	
positive	outcomes.100,	130			
Providing	a	detailed	theoretical	framework	is	important	for	identifying	what,	if	
any,	theory	can	impact	behavior	change	within	the	pregnant	population.	A	meta-
analysis	aimed	at	analyzing	how	behavior	based	interventions	targeting	dietary	or	
physical	activity	modifications	to	reduce	GWG	found	little	evidence	to	support	the	
effectiveness	of	behavioral	change	techniques	in	preventing	EGWG.131	A	systematic	
review	of	behavior	change	interventions	to	prevent	EGWG	found	that	the	theory-based	
interventions	that	were	successful	in	preventing	EGWG	utilized	motivational	
interviewing	or	another	behavior	change	technique.130	Only	two	out	of	the	twelve	RCTs	
used	a	behavior	change	theory	within	their	study	design.	Use	of	the	social	learning	
theory	or	the	transtheoretical	model	had	no	effect	on	weight	outcomes.132,	133	Gardner	
et	al	makes	a	point	that	limited	effectiveness	may	not	be	a	result	of	poor	theory	
development	due	to	the	limited	detail	regarding	how	the	theory	was	used	in	the	design	
of	the	two	interventions.131		
Specific	attention	needs	to	be	given	to	a	few	key	modifiable	aspects	of	behavior,	
particularly	self-efficacy,	motivation,	and	readiness	to	change,	all	of	which	are	factors	
identified	as	having	a	significant	contribution	in	preventing	EWGW.130		
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Self-determination	theory	(SDT)	is	a	motivation	theory	and	a	complementary	
theoretical	framework	to	the	use	of	motivational	interviewing,	a	behavior	change	
technique.134,	135	SDT	is	defined	as	“the	approach	to	human	motivation	that	uses	
traditional	empirical	methods	while	highlighting	the	importance	of	humans’	evolved	
inner	resources	for	personality	development	and	behavioral	self-regulation.”134	SDT	
aims	to	explain	how	self-motivation	can	influence	personal	growth,	integration,	well-
being,	and	self-regulation	of	behaviors.		The	theory	posits	a	person’s	behavior	is	
dependent	on	the	satisfaction	of	three	basic	needs	identified	in	SDT:	competence,	
autonomy,	and	relatedness.	Autonomous	motivation	and	sustained	behavior	change	are	
directly	related	to	increased	satisfaction	of	these	three	basic	needs.	SDT	explores	social,	
environmental,	and	internal	processes	that	support	or	undermine	motivation	and	the	
three	psychological	needs	necessary	for	behavior	change.		
The	theory	suggests	that	all	people	have	the	ability	to	regulate	their	behavior	
through	personal	development	and	behavioral	self-regulation.	The	foundation	of	SDT	is	
based	on	the	assumption	that	all	people	want	to	grow	and	engage	in	experiences	that	
will	foster	self-development,	also	known	as	the	organismic	dialectical	approach.134	
However,	growth	and	development	are	not	an	automatic	processes,	they	require	social	
and	environmental	support.		
The	ability	for	growth	is	based	on	the	support	provided	in	the	social	context	that	
will	encourage	or	catalyze	change	through	motivation.	The	desire	to	engage	in	self-
development	is	aided	by	the	regulation	of	behavioral	components	(e.g.,	values	and	
beliefs)	that	influence	different	types	of	motivation	(intrinsic	and	extrinsic	motivation).	
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People	choose	to	act	autonomously	for	a	variety	of	reasons.	People	may	be	motivated	
by	money,	personal	commitments	or	inherent	values.		According	to	SDT,	the	type	of	
regulation	and	level	of	self-determination	determine	the	reason	a	person	chooses	to	act	
on	a	behavior.		
The	self-determination	continuum	of	extrinsic	and	intrinsic	motivation	
demonstrates	the	different	types	and	source	of	motivation.	The	continuum	moves	from	
“amotivation,”	a	complete	absence	of	motivation,	to	“intrinsic	regulation”	(Figure	2).	
Along	the	continuum	lies	a	range	of	motivation	from	a	“high”	to	“low”	level	of	self-
determination:	intrinsic,	integrated	identified,	introjected	(three	types	of	intrinsic	
motivation),	external	motivation,	and	amotivation.	Motivation	that	stems	from	internal	
regulation	is	controlled	less	by	external	factors	and	is	self-initiated,	autonomous,	and	
self-chosen.	External	motivation	is	controlled	by	external	factors	that	in	turn	influence	a	
person’s	ability	to	find	inherent	enjoyment	and	value	in	an	activity.		
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Figure	2:	The	self-determination	continuum	(Adapted	from	Ryan	&	Deci)106		
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External	motivation	is	characterized	as	activities	done	to	obtain	an	external	
reward,	avoid	punishment,	or	done	because	of	social-pressure.	Engagement	in	an	
activity	is	based	only	on	external	sources.	For	example,	a	man	with	heart	disease	who	
decides	to	follow	a	certain	diet	because	his	family	is	making	him	would	be	considered	
external	motivation.	
Introjected	motivation	is	a	type	of	extrinsic	motivation	but	partially	self-
integrated.	In	other	words,	external	pressures	influence	motivation	along	with	some	
internal	pressures	such	as	feelings	of	guilt,	shame,	and	anxiety.	Even	though	introjected	
motivation	is	influenced	by	internal	sources,	it	is	still	external	because	the	action	is	not	
fully	or	freely	chosen.	Take	the	previous	example	of	a	man	with	heart	disease,	instead	of	
his	family	making	him	follow	a	certain	diet,	he	chooses	to	do	it	independently	but	it	is	
done	because	he	knows	his	family	wants	him	to.134		
Identified	motivation	is	more	autonomous	than	other	types	of	external	
motivation	in	that	the	behavior	is	valued	or	important	but	not	identified	as	enjoyable.	
For	example,	the	man	with	heart	disease	chooses	to	change	his	diet	because	he	knows	it	
is	important	to	his	heart	health.134		
Integrated	motivation	is	the	most	internally	regulated	type	of	extrinsic	
motivation.	Integrated	regulation	is	very	similar	to	identified	regulation	in	that	a	
behavior	is	done	because	it	has	value.	It	differs	from	identified	regulation	in	that	the	
values	are	consistent	with	a	person’s	other	values	and	needs.	In	this	case,	the	man	with	
heart	disease	decides	to	change	his	diet	because	his	greater	life-goals	and	values	include	
being	physically	healthy	and	living	a	long-life	in	order	to	see	his	family	grow.134		
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Intrinsic	motivation	is	based	on	a	person’s	ability	to	feel	satisfaction	with	a	
behavior	“for	its	own	sake”.134	People	who	are	intrinsically	motivated	act	from	a	place	of	
inherent	enjoyment,	satisfaction,	or	challenge.	The	Cognitive	Evaluation	Theory	(CET),	a	
mini-theory	within	SDT	proposes	that	social	contexts,	such	as	rewards,	interpersonal	
controls,	and	ego-involvements,	influence	motivation.	To	support	intrinsic	motivation,	
satisfaction	must	come	from	the	inherent	enjoyment	of	engagement	in	the	activity.			
Key	constructs:	The	SDT	identifies	autonomy,	competence,	and	relatedness	as	
the	factors	needed	to	facilitate	intrinsic	motivation	or	the	ability	to	do	an	activity	for	the	
inherent	satisfaction	of	the	activity	itself.		Ryan	and	Deci	define	these	basic	needs	as	“an	
energizing	state	that,	if	satisfied,	conduces	toward	health	and	well-being,	but	if	not	
satisfied,	contributes	to	pathology	and	ill-being”.134		
Autonomy	is	the	desire	to	be	in	control	of	one’s	own	life	and	a	sense	of	free	will	
towards	a	behavior.	Autonomous	motivation	is	tied	to	a	self-regulation	and	self-
determination	(integrated	or	intrinsic	motivation).			
Competence	is	control	of	the	outcome	through	mastery	of	environment.	Lack	of	
perceived	competence	contributes	to	amotivation	because	people	feel	they	cannot	
change.	
Relatedness	is	the	need	to	connect,	interact,	and	experience	caring	for	others.	
Seeking	relationships	that	build	a	sense	of	belonging	and	respect	for	feelings,	thoughts,	
and	beliefs	help	to	satisfy	this	need.				
SDT	claims	that	by	successfully	promoting	internalization	or	the	“taking	in”	of	
values	with	little	appeal,	behavior	is	likely	to	change	along	with	the	source	of	
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motivation.	Adherence	to	internalized	values	of	a	specific	behavior	goal	(e.g.,	exercise	or	
diet)	is	thought	to	promote	long-term	behavior	change	as	a	result	of	regulating	behavior	
change	and	motivation.		
Use	of	Self-determination	Theory	in	research	and	practice	A	systematic	review	
of	66	physical	activity	interventions	that	assessed	the	relationship	between	SDT-
constructs	and	outcomes	adapted	a	general	SDT	process	model	to	analyze	the	
relationships	between	SDT	variables	and	the	predictors/outcomes	of	a	SDT	intervention.	
Teixeria	et	al.’s136	SDT	process	model	for	exercise	behavior	suggests	a	relationship	
between	SDT	variables	and	their	expected	relationships	resulting	in	success	at	both	
short-	and	long-term	behavior	change	(Figure	3).	According	to	their	modal,	a	greater	
realization	of	identified	motivation	predicts	short-term	behavior	change	whereas,	more	
intrinsic	motivation	predicts	long-term	change.136		
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Research	using	SDT	to	test	the	effect	on	behavior	change	to	promote	weight	
control	and	physical	activity	has	been	done	in	a	general	population	as	well	as	during	
pregnancy.137,	138	A	randomized	control	trial	in	women	to	promote	physical	activity	and	
weight	control	used	an	intervention	designed	to	follow	SDT	principles.	The	aim	was	to	
create	an	autonomy-supportive	environment	in	which	counselors	promoted	each	
woman	to	have	ownership	over	their	own	behavior	in	order	to	internalize	their	
behavioral	motivation.137		
The	intervention	group	identified	six	strategies	to	promote	behavior	change	and	
internationalization	of	that	behavior.	First,	the	group	established	a	sustainable	
knowledge	base	that	supported	informed	choices	through	use	of	neutral	language	(e.g.,	
“may”	or	“could”,	and	not	“should”	or	“must”).	Second,	extrinsic	rewards	were	limited	
in	order	to	encourage	personal	choice	and	self-initiation	without	extrinsic	value	being	
placed	on	action.		
Third,	a	variety	of	options	were	provided	for	activity	and	dietary	choices.	Fourth,	
options	and	choices	were	advised	that	would	lead	to	a	specific	outcomes	(e.g.,	weight	
control)	and	value	for	behavior	change	and	possible	outcome	were	provided.	Fifth,	the	
intervention	team	promoted	identification	of	shared	values	or	goals	and	their	lifestyles.	
Lastly,	the	intervention	team	provided	informational	and	positive	feedback.			
The	intervention	included	30	group	sessions	and	occurred	weekly	or	bi-monthly,	
lasting	about	120	minutes	each.		At	12	months,	the	intervention	group	showed	
increased	weight	loss	(-7.29%)	and	higher	levels	of	physical	activity	(+138	±	26	min/day	
of	moderate	plus	vigorous	exercise;	+2,049	±	571	steps	per	day)	compared	to	control	
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(P<0.001).	Women	in	the	intervention	also	reported	more	autonomous	self-regulation,	
higher	exercise	intrinsic	motivation	and	perceived	competence,	and	more	autonomous	
motives	for	exercise.	The	results	from	this	study	show	that	use	of	the	SDT	can	have	an	
effect	on	weight	control	and	physical	activity;	however,	time	spent	in	intervention	
sessions	was	greater	than	what	is	seen	in	many	interventions	used	to	prevent	excessive	
weight	gain	in	pregnancy.		
Use	of	Self-determination	Theory	during	pregnancy.	Gaston	et	al.138	examined	
the	link	between	exercise	behaviors	during	pregnancy	and	the	level	of	autonomous	
regulation	observed	at	different	stages	of	pregnancy.138	Over	the	period	of	93	women’s	
pregnancies,	exercise	behaviors	were	observed	in	relation	to	different	forms	of	
motivation	and	behavioral	regulation.	Results	showed	that	identified	regulation,	a	
conscious	valuing	of	a	behavioral	goal	that	is	personally	important	and	the	third	form	of	
extrinsic	motivation,	was	found	to	be	the	single	best	predictor	of	exercise	behavior.	
Identified	regulation	was	strongly	associated	with	fewer	barriers	to	exercise	as	opposed	
to	external	regulation,	or	externally	rewarded	motivation	not	seen	as	personally	
important	to	the	individual.		
These	finding	highlight	the	need	for	the	intervention	counselors	to	incorporate	
strategies	to	enhance	autonomous	forms	of	motivation	in	order	to	improve	exercise	
behaviors	through	identified	regulated	motivation.	Furthermore,	it	is	important	to	note	
that	researchers	observed	that	identified	regulation	for	exercise	was	significantly	
greater	in	the	first	trimester	compared	to	the	second	or	third	trimester.	Use	of	
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motivational	strategies	to	promote	internal	regulation	of	activities	is	also	important	
throughout	the	stages	of	pregnancy.		
Results	show	that	SDT	is	effective	in	regulating	behavioral	change	with	potential	
for	long-term	benefits.	Effective	use	in	a	pregnant	population	needs	to	be	evaluated	and	
may	be	best	done	in	an	intensive,	clinical	setting	which	will	offer	the	participant	a	
greater	amount	of	flexibility	and	ease	of	participation.	The	Institute	of	Medicine	and	the	
Academy	of	Nutrition	and	Dietetics	both	call	for	quality	health-	and	theory-related	
research	that	can	be	used	to	support	evidence-based	health	care.139,	140	Combining	the	
use	of	Motivational	interviewing,	a	behavior	change	strategy,	with	SDT	has	potential	to	
promote	the	internalization	of	positive	behavior	change	within	a	pregnant	population	
and	should	be	examined	further.		
Motivational	interviewing	(MI).	is	defined	as	“a	directive,	client-centered	
counseling	style	for	eliciting	behavior	change	by	helping	clients	to	explore	and	resolve	
ambivalence.”135	The	purpose	of	MI	is	to	change	the	direction	of	a	conversation	about	
behavior	change.	It	is	designed	to	enhance	the	patient’s	desire	to	change	and	instill	the	
self-efficacy	and	confidence	in	the	patient	to	make	the	changes	necessary.	The	main	
difference	between	MI	and	other	behavior	change	strategies	is	the	client-centered	
emphasis.	In	motivational	interviewing,	the	motivation	for	change	must	come	from	
within	the	patient,	and	the	principles	of	motivational	interviewing	are	designed	to	
facilitate	this.		
Instead	of	trying	to	give	the	patient	reasons	for	change	(e.g.	avoiding	disease,	
improving	quality	of	life),	the	counselor	must	allow	the	patient	to	come	up	with	their	
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own	reasons	for	change.	Tahan	et	al.	describes	the	opportunity	in	each	counseling	
session	for	the	counselor	to	“establish	collaborative,	respectful,	trusting	and	
individualized	relationships	with	their	clients/support	systems	to	design	a	
comprehensive	and	effective	case	management	plan	of	care.”141		
Spirit	of	MI:	MI	is	fully	conceptualized	when	both	the	principles	and	practices	are	
fully	utilized	by	the	practitioner.	The	basic	principles	or	the	spirit	of	MI	include:	
	 	 Collaboration.	The	relationship	between	patient	and	practitioner	is	
meant	to	be	a	partnership,	where	the	work	is	done	“for”	and	“with”	a	person	in	a	
collaborative	manner.	MI	is	defined	by	the	guiding	style	of	counseling,	meant	to	foster	
an	exploration	opposed	to	prescriptive	advice.		
	 	 Evocation.	It	is	the	goal	of	both	the	patient	and	practitioner	to	evoke	new	
ideas	and	solutions	to	the	problem.	In	a	collaborative	manner,	the	practitioner	is	
working	to	draw	out	ideas	rather	than	impose	their	own	ideas	and	opinions	onto	the	
patient.	The	patient	is	likely	to	be	motivated	to	make	a	change	when	it	is	self-
determined.		
	 	 Autonomy.	MI	emphasizes	that	patients	are	responsible	for	making	their	
own	decisions.	When	a	patient	is	in	control	of	their	own	choices,	there	is	a	greater	sense	
of	self-determination	and	higher	motivation	to	change.		
Integrating	Motivational	Interviewing	and	Self-determination	Theory	
The	principles	of	MI	and	SDT	compliment	each	other	and	when	used	together,	
account	for	both	an	applied	and	theoretical	framework	for	behavior	change.	Both	MI	
and	SDT	are	established	in	the	theory	that	people	possess	the	ability	to	change	and	that	
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change	stems	from	an	internal	source,	inherent	in	all	people.	The	strategy	of	MI	is	to	
guide	patients	to	behavior	change	by	identifying	the	values	and	needs	that	are	
important	to	the	client.	SDT	claims	that	greater	identification	of	values	and	needs	by	a	
client	leads	to	a	greater	sense	of	intrinsic	motivation	that	is	not	controlled	by	external	
factors.		
Motivational	Interviewing	is	thought	to	be	successful	due	to	its	support	for	each	
of	the	three	psychological	needs	identified	in	SDT,	competence,	autonomy,	and	
relatedness.134	The	principles	of	MI	target	the	patient’s	need	for	competence	through	
positive	feedback	and	goal	setting.	The	client-centered	strategies	used	in	motivational	
interviewing,	such	as	“rolling	with	resistance”	and	letting	the	client	make	the	decisions,	
support	the	patient’s	need	to	feel	autonomous.		
Finally,	the	patient’s	need	for	relatedness	is	addressed	by	the	case	manager’s	
expression	of	empathy.	When	the	patient	feels	that	they	are	free	from	the	judgment	of	
the	counselor,	they	can	be	more	open	with	feedback	as	the	relationship	between	
patient	and	professional	deepens.	When	the	patient	feels	that	their	needs	are	being	
addressed,	the	likelihood	of	increased	openness,	increased	adherence	and	successful	
behavior	change	are	greater.142	
	
Conclusion	
	 In	the	last	decade,	there	has	been	both	a	national	and	global	call	for	reduction	in	
obesity.	Pregnancy	is	an	ideal	moment	to	intervene	for	multiple	reasons.	It	is	a	rare	
moment	in	time	that	women	are	more	inclined	to	modify	behaviors	to	optimize	the	
health	of	their	unborn	fetus.		Frequent	interactions	with	health	care	providers	offer	a	
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unique	opportunity	to	facilitate	behavior	modification	and	interventions.	Unfortunately,	
physical	activity	and	diet	recommendations	are	rarely	discussed	and	gestational	weight	
gain	recommendations	are	either	not	shared	or	not	appropriate	for	the	patient’s	pre-
pregnancy	BMI	status.		
	 The	substantial	research	conducted	on	GWG	interventions	provides	much	of	the	
foundation	necessary	to	design	an	intervention	that	will	be	successfully	at	promoting	
appropriate	weight	gain.		Recent	systematic	reviews	of	GWG	interventions	designed	to	
prevent	EGWG	discovered	that	modification	of	diet	and	exercise115	are	necessary	to	
effect	GWG	however,	interventions	using	both	have	largely	been	unsuccessful	at	
increasing	the	proportion	of	women	meeting	weight	gain	guidelines.		
It	is	the	goal	of	the	current	study,	the	Behavioral	Wellness	in	Pregnancy,	to	
combine	what	is	known	to	improve	outcomes	(diet	and	PA	modification)	and	the	
demand	for	interventions	to	use	a	behavioral	framework	known	to	yield	changes	in	
healthy	behaviors	and	increase	intervention	effectiveness.100		
	
References	
1.	 Flegal	KM,	Carroll	MD,	Kit	BK,	Ogden	CL.	Prevalence	of	obesity	and	trends	in	the	
distribution	of	body	mass	index	among	US	adults,	1999-2010.	Jama.	
2012;307:491-497.	
2.	 Organization	WH.	Obesity	and	Overweight.	Fact	Sheet	No	311.	Updated	March	
2013.	World	Health	Organization.	Available:	http://www.who.	
int/mediacentre/factsheets/fs311/en/index.	html.	Accessed	September	2017.	
3.	 Institute	of	Medicine	and	National	Research	Council	Committee	to	Reexamine	
IOMPWG.	The	National	Academies	Collection:	Reports	funded	by	National	
Institutes	of	Health.	In:	Rasmussen	KM,	Yaktine	AL,	eds.	Weight	Gain	During	
		
68	
Pregnancy:	Reexamining	the	Guidelines.	Washington	(DC):	National	Academies	
Press	(US)National	Academy	of	Sciences.;	2009.	
	
4.	 Flegal	KM,	Kruszon-Moran	D,	Carroll	MD,	Fryar	CD,	Ogden	CL.	Trends	in	Obesity	
Among	Adults	in	the	United	States,	2005	to	2014.	Jama.	2016;315:2284-2291.	
5.	 ACOG	Committee	opinion	no.	549:	obesity	in	pregnancy.	Obstet	Gynecol.	
2013;121:213-217.	
6.	 Linne	Y,	Dye	L,	Barkeling	B,	Rossner	S.	Long-term	weight	development	in	women:	
a	15-year	follow-up	of	the	effects	of	pregnancy.	Obes	Res.	2004;12:1166-1178.	
7.	 Rooney	BL,	Schauberger	CW.	Excess	pregnancy	weight	gain	and	long-term	
obesity:	one	decade	later.	Obstet	Gynecol.	2002;100:245-252.	
8.	 Siega-Riz	AM,	Herring	AH,	Carrier	K,	Evenson	KR,	Dole	N,	Deierlein	A.	
Sociodemographic,	perinatal,	behavioral,	and	psychosocial	predictors	of	weight	
retention	at	3	and	12	months	postpartum.	Obesity	(Silver	Spring).	2010;18:1996-
2003.	
9.	 Barker	DJ,	Osmond	C.	Low	birth	weight	and	hypertension.	Bmj.	1988;297:134-
135.	
10.	 Barker	DJ,	Winter	PD,	Osmond	C,	Margetts	B,	Simmonds	SJ.	Weight	in	infancy	
and	death	from	ischaemic	heart	disease.	Lancet.	1989;2:577-580.	
11.	 Li	C,	Goran	MI,	Kaur	H,	Nollen	N,	Ahluwalia	JS.	Developmental	trajectories	of	
overweight	during	childhood:	role	of	early	life	factors.	Obesity	(Silver	Spring).	
2007;15:760-771.	
12.	 Goran	MI,	Ball	GD,	Cruz	ML.	Obesity	and	risk	of	type	2	diabetes	and	
cardiovascular	disease	in	children	and	adolescents.	J	Clin	Endocrinol	Metab.	
2003;88:1417-1427.	
13.	 Must	A,	Strauss	RS.	Risks	and	consequences	of	childhood	and	adolescent	obesity.	
Int	J	Obes	Relat	Metab	Disord.	1999;23	Suppl	2:S2-11.	
		
69	
14.	 Kominiarek	MA,	Peaceman	AM.	Gestational	weight	gain.	Am	J	Obstet	Gynecol.	
2017.	
15.	 Ogden	CL,	Carroll	MD,	Lawman	HG,	et	al.	Trends	in	Obesity	Prevalence	Among	
Children	and	Adolescents	in	the	United	States,	1988-1994	Through	2013-2014.	
Jama.	2016;315:2292-2299.	
16.	 Truong	YN,	Yee	LM,	Caughey	AB,	Cheng	YW.	Weight	gain	in	pregnancy:	does	the	
Institute	of	Medicine	have	it	right?	Am	J	Obstet	Gynecol.	2015;212:362.e361-
368.	
17.	 Lau	EY,	Liu	J,	Archer	E,	McDonald	SM.	Maternal	weight	gain	in	pregnancy	and	risk	
of	obesity	among	offspring:	a	systematic	review.	J	Obes.	2014;2014:524939.	
18.	 Phelan	S.	Pregnancy:	a	"teachable	moment"	for	weight	control	and	obesity	
prevention.	Am	J	Obstet	Gynecol.	2010;202:135.e131-138.	
19.	 Power	ML,	Cogswell	ME,	Schulkin	J.	US	obstetrician-gynaecologist's	prevention	
and	management	of	obesity	in	pregnancy.	J	Obstet	Gynaecol.	2009;29:373-377.	
20.	 Cogswell	ME,	Scanlon	KS,	Fein	SB,	Schieve	LA.	Medically	advised,	mother's	
personal	target,	and	actual	weight	gain	during	pregnancy.	Obstet	Gynecol.	
1999;94:616-622.	
21.	 Chang	T,	Llanes	M,	Gold	KJ,	Fetters	MD.	Perspectives	about	and	approaches	to	
weight	gain	in	pregnancy:	a	qualitative	study	of	physicians	and	nurse	midwives.	
BMC	Pregnancy	Childbirth.	2013;13:47.	
22.	 Moore	Simas	TA,	Waring	ME,	Sullivan	GM,	et	al.	Institute	of	medicine	2009	
gestational	weight	gain	guideline	knowledge:	survey	of	obstetrics/gynecology	
and	family	medicine	residents	of	the	United	States.	Birth.	2013;40:237-246.	
23.	 Phelan	S,	Phipps	MG,	Abrams	B,	Darroch	F,	Schaffner	A,	Wing	RR.	Practitioner	
advice	and	gestational	weight	gain.	J	Womens	Health	(Larchmt).	2011;20:585-
591.	
		
70	
24.	 Willcox	JC,	Campbell	KJ,	McCarthy	EA,	et	al.	Gestational	weight	gain	information:	
seeking	and	sources	among	pregnant	women.	BMC	Pregnancy	Childbirth.	
2015;15:164.	
25.	 Nikolopoulos	H,	Mayan	M,	MacIsaac	J,	Miller	T,	Bell	RC.	Women's	perceptions	of	
discussions	about	gestational	weight	gain	with	health	care	providers	during	
pregnancy	and	postpartum:	a	qualitative	study.	BMC	Pregnancy	Childbirth.	
2017;17:97.	
26.	 Abrams	B,	Altman	SL,	Pickett	KE.	Pregnancy	weight	gain:	still	controversial.	Am	J	
Clin	Nutr.	2000;71:1233s-1241s.	
27.	 Johnson	J,	Clifton	RG,	Roberts	JM,	et	al.	Pregnancy	Outcomes	With	Weight	Gain	
Above	or	Below	the	2009	Institute	of	Medicine	Guidelines.	Obstet	Gynecol.	
2013;121:969-975.	
28.	 Deierlein	AL,	Siega-Riz	AM,	Herring	AH,	Adair	LS,	Daniels	JL.	Gestational	weight	
gain	and	predicted	changes	in	offspring	anthropometrics	between	early	infancy	
and	3	years.	Pediatr	Obes.	2012;7:134-142.	
29.	 Ferraro	ZM,	Barrowman	N,	Prud'homme	D,	et	al.	Excessive	gestational	weight	
gain	predicts	large	for	gestational	age	neonates	independent	of	maternal	body	
mass	index.	J	Matern	Fetal	Neonatal	Med.	2012;25:538-542.	
30.	 Bellamy	L,	Casas	JP,	Hingorani	AD,	Williams	D.	Type	2	diabetes	mellitus	after	
gestational	diabetes:	a	systematic	review	and	meta-analysis.	Lancet.	
2009;373:1773-1779.	
31.	 Lederman	SA,	Paxton	A,	Heymsfield	SB,	Wang	J,	Thornton	J,	Pierson	RN,	Jr.	Body	
fat	and	water	changes	during	pregnancy	in	women	with	different	body	weight	
and	weight	gain.	Obstet	Gynecol.	1997;90:483-488.	
32.	 Pitkin	RM.	Nutritional	support	in	obstetrics	and	gynecology.	Clin	Obstet	Gynecol.	
1976;19:489-513.	
33.	 Hytten	F.	Clinical	physiology	in	obstetrics.	1980.	
		
71	
34.	 Gabbe	SG,	Niebyl	JR,	Simpson	JL,	et	al.	Obstetrics:	normal	and	problem	
pregnancies:	Elsevier	Health	Sciences;	2016.	
35.	 Berggren	EK,	Groh-Wargo	S,	Presley	L,	Hauguel-de	Mouzon	S,	Catalano	PM.	
Maternal	fat,	but	not	lean,	mass	is	increased	among	overweight/obese	women	
with	excess	gestational	weight	gain.	American	Journal	of	Obstetrics	and	
Gynecology.	2016;214:745.e741-745.e745.	
36.	 Butte	NF,	Treuth	MS,	Mehta	NR,	Wong	WW,	Hopkinson	JM,	Smith	EO.	Energy	
requirements	of	women	of	reproductive	age.	Am	J	Clin	Nutr.	2003;77:630-638.	
37.	 Butte	NF,	Ellis	KJ,	Wong	WW,	Hopkinson	JM,	Smith	EO.	Composition	of	
gestational	weight	gain	impacts	maternal	fat	retention	and	infant	birth	weight.	
Am	J	Obstet	Gynecol.	2003;189:1423-1432.	
38.	 Villamor	E,	Cnattingius	S.	Interpregnancy	weight	change	and	risk	of	adverse	
pregnancy	outcomes:	a	population-based	study.	Lancet.	2006;368:1164-1170.	
39.	 Oken	E,	Kleinman	KP,	Belfort	MB,	Hammitt	JK,	Gillman	MW.	Associations	of	
gestational	weight	gain	with	short-	and	longer-term	maternal	and	child	health	
outcomes.	Am	J	Epidemiol.	2009;170:173-180.	
40.	 Abrams	B,	Coyle	J,	Cohen	AK,	et	al.	Excessive	Gestational	Weight	Gain	and	
Subsequent	Maternal	Obesity	at	Age	40:	A	Hypothetical	Intervention.	Am	J	Public	
Health.	2017;107:1463-1469.	
41.	 Catalano	PM,	Ehrenberg	HM.	The	short-	and	long-term	implications	of	maternal	
obesity	on	the	mother	and	her	offspring.	Bjog.	2006;113:1126-1133.	
42.	 Dabelea	D,	Snell-Bergeon	JK,	Hartsfield	CL,	Bischoff	KJ,	Hamman	RF,	McDuffie	RS.	
Increasing	prevalence	of	gestational	diabetes	mellitus	(GDM)	over	time	and	by	
birth	cohort:	Kaiser	Permanente	of	Colorado	GDM	Screening	Program.	Diabetes	
Care.	2005;28:579-584.	
43.	 Gunderson	EP,	Abrams	B,	Selvin	S.	The	relative	importance	of	gestational	gain	
and	maternal	characteristics	associated	with	the	risk	of	becoming	overweight	
after	pregnancy.	Int	J	Obes	Relat	Metab	Disord.	2000;24:1660-1668.	
		
72	
44.	 Oken	E,	Rifas-Shiman	SL,	Field	AE,	Frazier	AL,	Gillman	MW.	Maternal	gestational	
weight	gain	and	offspring	weight	in	adolescence.	Obstet	Gynecol.	2008;112:999-
1006.	
45.	 Goldstein	RF,	Abell	SK,	Ranasinha	S,	et	al.	Association	of	Gestational	Weight	Gain	
With	Maternal	and	Infant	Outcomes:	A	Systematic	Review	and	Meta-analysis.	
Jama.	2017;317:2207-2225.	
46.	 Hyperglycaemia	and	Adverse	Pregnancy	Outcome	(HAPO)	Study:	associations	
with	maternal	body	mass	index.	Bjog.	2010;117:575-584.	
47.	 Sewell	MF,	Huston-Presley	L,	Super	DM,	Catalano	P.	Increased	neonatal	fat	mass,	
not	lean	body	mass,	is	associated	with	maternal	obesity.	Am	J	Obstet	Gynecol.	
2006;195:1100-1103.	
48.	 Hull	HR,	Thornton	JC,	Ji	Y,	et	al.	Higher	infant	body	fat	with	excessive	gestational	
weight	gain	in	overweight	women.	Am	J	Obstet	Gynecol.	2011;205:211.e211-
217.	
49.	 Cedergren	M.	Effects	of	gestational	weight	gain	and	body	mass	index	on	
obstetric	outcome	in	Sweden.	Int	J	Gynaecol	Obstet.	2006;93.	
50.	 Catalano	PM,	McIntyre	HD,	Cruickshank	JK,	et	al.	The	hyperglycemia	and	adverse	
pregnancy	outcome	study:	associations	of	GDM	and	obesity	with	pregnancy	
outcomes.	Diabetes	Care.	2012;35:780-786.	
51.	 Davenport	MH,	Ruchat	SM,	Giroux	I,	Sopper	MM,	Mottola	MF.	Timing	of	
excessive	pregnancy-related	weight	gain	and	offspring	adiposity	at	birth.	Obstet	
Gynecol.	2013;122:255-261.	
52.	 Mamun	AA,	Kinarivala	M,	O'Callaghan	MJ,	Williams	GM,	Najman	JM,	Callaway	
LK.	Associations	of	excess	weight	gain	during	pregnancy	with	long-term	maternal	
overweight	and	obesity:	evidence	from	21	y	postpartum	follow-up.	Am	J	Clin	
Nutr.	2010;91:1336-1341.	
53.	 Lan-Pidhainy	X,	Nohr	EA,	Rasmussen	KM.	Comparison	of	gestational	weight	gain-
related	pregnancy	outcomes	in	American	primiparous	and	multiparous	women.	
Am	J	Clin	Nutr.	2013;97:1100-1106.	
		
73	
54.	 Fortner	RT,	Pekow	P,	Solomon	CG,	Markenson	G,	Chasan-Taber	L.	Prepregnancy	
body	mass	index,	gestational	weight	gain,	and	risk	of	hypertensive	pregnancy	
among	Latina	women.	Am	J	Obstet	Gynecol.	2009;200:167.e161-167.	
55.	 Crane	JM,	White	J,	Murphy	P,	Burrage	L,	Hutchens	D.	The	effect	of	gestational	
weight	gain	by	body	mass	index	on	maternal	and	neonatal	outcomes.	J	Obstet	
Gynaecol	Can.	2009;31:28-35.	
56.	 Freedman	DS,	Ogden	CL,	Kit	BK.	Interrelationships	between	BMI,	skinfold	
thicknesses,	percent	body	fat,	and	cardiovascular	disease	risk	factors	among	U.S.	
children	and	adolescents.	BMC	Pediatr.	2015;15:188.	
57.	 Ogden	CL,	Yanovski	SZ,	Carroll	MD,	Flegal	KM.	The	epidemiology	of	obesity.	
Gastroenterology.	2007;132:2087-2102.	
58.	 Kjos	SL,	Buchanan	TA.	Gestational	diabetes	mellitus.	N	Engl	J	Med.	
1999;341:1749-1756.	
59.	 Scott-Pillai	R,	Spence	D,	Cardwell	CR,	Hunter	A,	Holmes	VA.	The	impact	of	body	
mass	index	on	maternal	and	neonatal	outcomes:	a	retrospective	study	in	a	UK	
obstetric	population,	2004-2011.	Bjog.	2013;120:932-939.	
60.	 Butte	NF.	Carbohydrate	and	lipid	metabolism	in	pregnancy:	normal	compared	
with	gestational	diabetes	mellitus.	Am	J	Clin	Nutr.	2000;71:1256s-1261s.	
61.	 Catalano	PM,	Hoegh	M,	Minium	J,	et	al.	Adiponectin	in	human	pregnancy:	
implications	for	regulation	of	glucose	and	lipid	metabolism.	Diabetologia.	
2006;49:1677-1685.	
62.	 Catalano	PM,	Kirwan	JP,	Haugel-de	Mouzon	S,	King	J.	Gestational	diabetes	and	
insulin	resistance:	role	in	short-	and	long-term	implications	for	mother	and	fetus.	
J	Nutr.	2003;133:1674s-1683s.	
63.	 Lain	KY,	Catalano	PM.	Metabolic	changes	in	pregnancy.	Clin	Obstet	Gynecol.	
2007;50:938-948.	
		
74	
64.	 Bhattacharya	S,	Campbell	DM,	Liston	WA.	Effect	of	Body	Mass	Index	on	
pregnancy	outcomes	in	nulliparous	women	delivering	singleton	babies.	BMC	
Public	Health.	2007;7:168.	
65.	 Haugen	M,	Brantsaeter	AL,	Winkvist	A,	et	al.	Associations	of	pre-pregnancy	body	
mass	index	and	gestational	weight	gain	with	pregnancy	outcome	and	
postpartum	weight	retention:	a	prospective	observational	cohort	study.	BMC	
Pregnancy	Childbirth.	2014;14:201.	
66.	 Oken	E,	Taveras	EM,	Kleinman	KP,	Rich-Edwards	JW,	Gillman	MW.	Gestational	
weight	gain	and	child	adiposity	at	age	3	years.	Am	J	Obstet	Gynecol.	
2007;196:322.e321-328.	
67.	 Stuebe	AM,	Forman	MR,	Michels	KB.	Maternal-recalled	gestational	weight	gain,	
pre-pregnancy	body	mass	index,	and	obesity	in	the	daughter.	Int	J	Obes	(Lond).	
2009;33:743-752.	
68.	 Swallen	KC,	Reither	EN,	Haas	SA,	Meier	AM.	Overweight,	obesity,	and	health-
related	quality	of	life	among	adolescents:	the	National	Longitudinal	Study	of	
Adolescent	Health.	Pediatrics.	2005;115:340-347.	
69.	 Friedlander	SL,	Larkin	EK,	Rosen	CL,	Palermo	TM,	Redline	S.	Decreased	quality	of	
life	associated	with	obesity	in	school-aged	children.	Arch	Pediatr	Adolesc	Med.	
2003;157:1206-1211.	
70.	 Olson	CM,	Strawderman	MS.	Modifiable	behavioral	factors	in	a	biopsychosocial	
model	predict	inadequate	and	excessive	gestational	weight	gain.	J	Am	Diet	
Assoc.	2003;103:48-54.	
71.	 Olafsdottir	AS,	Skuladottir	GV,	Thorsdottir	I,	Hauksson	A,	Steingrimsdottir	L.	
Maternal	diet	in	early	and	late	pregnancy	in	relation	to	weight	gain.	Int	J	Obes	
(Lond).	2006;30:492-499.	
72.	 Lagiou	P,	Tamimi	RM,	Mucci	LA,	Adami	HO,	Hsieh	CC,	Trichopoulos	D.	Diet	during	
pregnancy	in	relation	to	maternal	weight	gain	and	birth	size.	Eur	J	Clin	Nutr.	
2004;58:231-237.	
		
75	
73.	 Energy	and	protein	requirements.	Report	of	a	joint	FAO/WHO/UNU	Expert	
Consultation.	World	Health	Organ	Tech	Rep	Ser.	1985;724:1-206.	
74.	 Recommended	Dietary	Allowances,	10th	Edition	(Book).	Science	News.	
1990;137:146-146.	
75.	 Otten	JJ,	Hellwig	JP,	Meyers	LD.	Dietary	reference	intakes:	the	essential	guide	to	
nutrient	requirements:	National	Academies	Press;	2006.	
76.	 Butte	NF,	Wong	WW,	Treuth	MS,	Ellis	KJ,	O'Brian	Smith	E.	Energy	requirements	
during	pregnancy	based	on	total	energy	expenditure	and	energy	deposition.	Am	
J	Clin	Nutr.	2004;79:1078-1087.	
77.	 Deierlein	AL,	Siega-Riz	AM,	Herring	A.	Dietary	energy	density	but	not	glycemic	
load	is	associated	with	gestational	weight	gain.	Am	J	Clin	Nutr.	2008;88:693-699.	
78.	 Knudsen	VK,	Heitmann	BL,	Halldorsson	TI,	Sorensen	TI,	Olsen	SF.	Maternal	
dietary	glycaemic	load	during	pregnancy	and	gestational	weight	gain,	birth	
weight	and	postpartum	weight	retention:	a	study	within	the	Danish	National	
Birth	Cohort.	Br	J	Nutr.	2013;109:1471-1478.	
79.	 Renault	KM,	Carlsen	EM,	Norgaard	K,	et	al.	Intake	of	Sweets,	Snacks	and	Soft	
Drinks	Predicts	Weight	Gain	in	Obese	Pregnant	Women:	Detailed	Analysis	of	the	
Results	of	a	Randomised	Controlled	Trial.	PLoS	One.	2015;10:e0133041.	
80.	 Catalano	PM,	Huston	L,	Amini	SB,	Kalhan	SC.	Longitudinal	changes	in	glucose	
metabolism	during	pregnancy	in	obese	women	with	normal	glucose	tolerance	
and	gestational	diabetes	mellitus.	Am	J	Obstet	Gynecol.	1999;180:903-916.	
81.	 Bowes	SB,	Hennessy	TR,	Umpleby	AM,	et	al.	Measurement	of	glucose	
metabolism	and	insulin	secretion	during	normal	pregnancy	and	pregnancy	
complicated	by	gestational	diabetes.	Diabetologia.	1996;39:976-983.	
82.	 (ACOG)	ACoOaG.	Technical	Bulletin:	Exercise	During	Pregnancy	and	the	Postnatal	
period.	Washington	DC:	ACOG;	1985.	
		
76	
83.	 Smith	KM,	Campbell	CG.	Physical	Activity	during	Pregnancy:	Impact	of	Applying	
Different	Physical	Activity	Guidelines.	Journal	of	Pregnancy.	2013;2013:8.	
84.	 Exercise	during	pregnancy	and	the	postpartum	period.	ACOG	Technical	Bulletin	
Number	189--February	1994.	Int	J	Gynaecol	Obstet.	1994;45:65-70.	
85.	 ACOG	Committee	opinion.	Number	267,	January	2002:	exercise	during	
pregnancy	and	the	postpartum	period.	Obstet	Gynecol.	2002;99:171-173.	
86.	 ACOG	Committee	Opinion	No.	650:	Physical	Activity	and	Exercise	During	
Pregnancy	and	the	Postpartum	Period.	Obstet	Gynecol.	2015;126:e135-142.	
87.	 Committee	PAGA.	Physical	activity	guidelines	advisory	committee	report,	2008.	
Washington,	DC:	US	Department	of	Health	and	Human	Services.	2008;2008:A1-
H14.	
88.	 Impact	of	physical	activity	during	pregnancy	and	postpartum	on	chronic	disease	
risk.	Med	Sci	Sports	Exerc.	2006;38:989-1006.	
89.	 Catalano	PM.	Obesity,	Insulin	Resistance	and	Pregnancy	Outcome.	Reproduction.	
2010;140:365-371.	
90.	 Olson	CM,	Strawderman	MS.	Modifiable	behavioral	factors	in	a	biopsychosocial	
model	predict	inadequate	and	excessive	gestational	weight	gain.	Journal	of	the	
American	Dietetic	Association.	2003;103:48-54.	
91.	 Evenson	KR,	Wen	F.	Prevalence	and	correlates	of	objectively	measured	physical	
activity	and	sedentary	behavior	among	US	pregnant	women.	Preventive	
medicine.	2011;53:39-43.	
92.	 Di	Fabio	DR,	Blomme	CK,	Smith	KM,	Welk	GJ,	Campbell	CG.	Adherence	to	
physical	activity	guidelines	in	mid-pregnancy	does	not	reduce	sedentary	time:	an	
observational	study.	International	Journal	of	Behavioral	Nutrition	and	Physical	
Activity.	2015;12:27.	
93.	 Evenson	KR,	Savitz	A,	Huston	SL.	Leisure-time	physical	activity	among	pregnant	
women	in	the	US.	Paediatric	and	perinatal	epidemiology.	2004;18:400-407.	
		
77	
94.	 Gaston	A,	Cramp	A.	Exercise	during	pregnancy:	a	review	of	patterns	and	
determinants.	Journal	of	Science	and	Medicine	in	Sport.	2011;14:299-305.	
95.	 Nascimento	SL,	Surita	FG,	Godoy	AC,	Kasawara	KT,	Morais	SS.	Physical	activity	
patterns	and	factors	related	to	exercise	during	pregnancy:	a	cross	sectional	
study.	PloS	one.	2015;10:e0128953.	
96.	 Asbee	SM,	Jenkins	TR,	Butler	JR,	White	J,	Elliot	M,	Rutledge	A.	Preventing	
excessive	weight	gain	during	pregnancy	through	dietary	and	lifestyle	counseling:	
a	randomized	controlled	trial.	Obstet	Gynecol.	2009;113:305-312.	
97.	 Wolff	S,	Legarth	J,	Vangsgaard	K,	Toubro	S,	Astrup	A.	A	randomized	trial	of	the	
effects	of	dietary	counseling	on	gestational	weight	gain	and	glucose	metabolism	
in	obese	pregnant	women.	Int	J	Obes	(Lond).	2008;32:495-501.	
98.	 Mottola	MF,	Giroux	I,	Gratton	R,	et	al.	Nutrition	and	exercise	prevent	excess	
weight	gain	in	overweight	pregnant	women.	Med	Sci	Sports	Exerc.	2010;42:265-
272.	
99.	 Polley	BA,	Wing	RR,	Sims	CJ.	Randomized	controlled	trial	to	prevent	excessive	
weight	gain	in	pregnant	women.	Int	J	Obes	Relat	Metab	Disord.	2002;26:1494-
1502.	
100.	 Thangaratinam	S,	Rogozinska	E,	Jolly	K,	et	al.	Interventions	to	reduce	or	prevent	
obesity	in	pregnant	women:	a	systematic	review.	Health	Technol	Assess.	
2012;16:iii-iv,	1-191.	
101.	 Flynn	AC,	Dalrymple	K,	Barr	S,	et	al.	Dietary	interventions	in	overweight	and	
obese	pregnant	women:	a	systematic	review	of	the	content,	delivery,	and	
outcomes	of	randomized	controlled	trials.	Nutr	Rev.	2016;74:312-328.	
102.	 Services	UDoHaH.	2015–2020	dietary	guidelines	for	Americans.	Washington	
(DC):	USDA.	2015.	
103.	 Agriculture.	USDoHaHSaUSDo.	Dietary	Guidelines	for	Americans,	2010.	7th	ed.	
Washington,	DC:	US	Government	Printing	Office;	2010.	
		
78	
104.	 Guenther	PM,	Casavale	KO,	Reedy	J,	et	al.	Update	of	the	healthy	eating	index:	
HEI-2010.	Journal	of	the	Academy	of	Nutrition	and	Dietetics.	2013;113:569-580.	
105.	 Guenther	PM,	Reedy	J,	Krebs-Smith	SM,	Reeve	BB.	Evaluation	of	the	Healthy	
Eating	Index-2005.	J	Am	Diet	Assoc.	2008;108:1854-1864.	
106.	 Committee	DGA.	Scientific	report	of	the	2015	dietary	guidelines	advisory	
committee.	Washington	(DC):	USDA	and	US	Department	of	Health	and	Human	
Services.	2015.	
107.	 Agriculture.	USDoHaHSaUSDo.	Dietary	Guidelines	for	Americans,	2005.	6th	ed.	
Washington,	DC:	U.S.	Government	Printing	office;	2005.	
108.	 Dodd	JM,	McPhee	AJ,	Turnbull	D,	et	al.	The	effects	of	antenatal	dietary	and	
lifestyle	advice	for	women	who	are	overweight	or	obese	on	neonatal	health	
outcomes:	the	LIMIT	randomised	trial.	BMC	Med.	2014;12:163.	
109.	 Tsigga	M,	Filis	V,	Hatzopoulou	K,	Kotzamanidis	C,	Grammatikopoulou	MG.	
Healthy	Eating	Index	during	pregnancy	according	to	pre-gravid	and	gravid	weight	
status.	Public	Health	Nutr.	2011;14:290-296.	
110.	 Stuebe	AM,	Oken	E,	Gillman	MW.	Associations	of	diet	and	physical	activity	
during	pregnancy	with	risk	for	excessive	gestational	weight	gain.	Am	J	Obstet	
Gynecol.	2009;201:58.e51-58.	
111.	 Streuling	I,	Beyerlein	A,	Rosenfeld	E,	Hofmann	H,	Schulz	T,	von	Kries	R.	Physical	
activity	and	gestational	weight	gain:	a	meta-analysis	of	intervention	trials.	Bjog.	
2011;118:278-284.	
112.	 Smith	KM.	The	Blossom	Project	Online:	Use	of	a	behaviorally-based	website	to	
promote	physical	activity	and	prevent	excessive	gestational	weight	gain	in	
previously	sedentary	pregnant	women.	2014.	
113.	 Brown	MJ,	Sinclair	M,	Liddle	D,	Hill	AJ,	Madden	E,	Stockdale	J.	A	systematic	
review	investigating	healthy	lifestyle	interventions	incorporating	goal	setting	
strategies	for	preventing	excess	gestational	weight	gain.	PLoS	One.	
2012;7:e39503.	
		
79	
114.	 Oteng-Ntim	E,	Varma	R,	Croker	H,	Poston	L,	Doyle	P.	Lifestyle	interventions	for	
overweight	and	obese	pregnant	women	to	improve	pregnancy	outcome:	
systematic	review	and	meta-analysis.	BMC	Med.	2012;10:47.	
115.	 Muktabhant	B,	Lawrie	TA,	Lumbiganon	P,	Laopaiboon	M.	Diet	or	exercise,	or	
both,	for	preventing	excessive	weight	gain	in	pregnancy.	Cochrane	Database	Syst	
Rev.	2015:Cd007145.	
116.	 Effect	of	diet	and	physical	activity	based	interventions	in	pregnancy	on	
gestational	weight	gain	and	pregnancy	outcomes:	meta-analysis	of	individual	
participant	data	from	randomised	trials.	Bmj.	2017;358:j3119.	
117.	 Rauh	K,	Gunther	J,	Kunath	J,	Stecher	L,	Hauner	H.	Lifestyle	intervention	to	
prevent	excessive	maternal	weight	gain:	mother	and	infant	follow-up	at	12	
months	postpartum.	BMC	Pregnancy	Childbirth.	2015;15:265.	
118.	 Rauh	K,	Gabriel	E,	Kerschbaum	E,	et	al.	Safety	and	efficacy	of	a	lifestyle	
intervention	for	pregnant	women	to	prevent	excessive	maternal	weight	gain:	a	
cluster-randomized	controlled	trial.	BMC	Pregnancy	Childbirth.	2013;13:151.	
119.	 Streuling	I,	Beyerlein	A,	von	Kries	R.	Can	gestational	weight	gain	be	modified	by	
increasing	physical	activity	and	diet	counseling?	A	meta-analysis	of	
interventional	trials.	Am	J	Clin	Nutr.	2010;92:678-687.	
120.	 Hill	B,	McPhie	S,	Moran	LJ,	et	al.	Lifestyle	intervention	to	prevent	obesity	during	
pregnancy:	Implications	and	recommendations	for	research	and	
implementation.	Midwifery.	2016.	
121.	 Claesson	IM,	Sydsjo	G,	Brynhildsen	J,	et	al.	Weight	gain	restriction	for	obese	
pregnant	women:	a	case-control	intervention	study.	Bjog.	2008;115:44-50.	
122.	 Althuizen	E,	van	der	Wijden	CL,	van	Mechelen	W,	Seidell	JC,	van	Poppel	MN.	The	
effect	of	a	counselling	intervention	on	weight	changes	during	and	after	
pregnancy:	a	randomised	trial.	Bjog.	2013;120:92-99.	
123.	 Sagedal	LR,	Overby	NC,	Lohne-Seiler	H,	et	al.	Study	protocol:	fit	for	delivery	-	can	
a	lifestyle	intervention	in	pregnancy	result	in	measurable	health	benefits	for	
		
80	
mothers	and	newborns?	A	randomized	controlled	trial.	BMC	Public	Health.	
2013;13:132.	
124.	 Hui	A,	Back	L,	Ludwig	S,	et	al.	Lifestyle	intervention	on	diet	and	exercise	reduced	
excessive	gestational	weight	gain	in	pregnant	women	under	a	randomised	
controlled	trial.	Bjog.	2012;119:70-77.	
125.	 Phelan	S,	Phipps	MG,	Abrams	B,	Darroch	F,	Schaffner	A,	Wing	RR.	Randomized	
trial	of	a	behavioral	intervention	to	prevent	excessive	gestational	weight	gain:	
the	Fit	for	Delivery	Study.	Am	J	Clin	Nutr.	2011;93:772-779.	
126.	 Phelan	S,	Phipps	MG,	Abrams	B,	et	al.	Does	behavioral	intervention	in	pregnancy	
reduce	postpartum	weight	retention?	Twelve-month	outcomes	of	the	Fit	for	
Delivery	randomized	trial.	Am	J	Clin	Nutr.	2014;99:302-311.	
127.	 Broekhuizen	K,	Althuizen	E,	van	Poppel	MN,	Donker	M,	van	Mechelen	W.	From	
theory	to	practice:	intervention	fidelity	in	a	randomized	controlled	trial	aiming	to	
optimize	weight	development	during	pregnancy.	Health	Promot	Pract.	
2012;13:816-825.	
128.	 Skouteris	H,	Hartley-Clark	L,	McCabe	M,	et	al.	Preventing	excessive	gestational	
weight	gain:	a	systematic	review	of	interventions.	Obes	Rev.	2010;11:757-768.	
129.	 Jensen	MD,	Ryan	DH,	Apovian	CM,	et	al.	2013	AHA/ACC/TOS	guideline	for	the	
management	of	overweight	and	obesity	in	adults:	a	report	of	the	American	
College	of	Cardiology/American	Heart	Association	Task	Force	on	Practice	
Guidelines	and	The	Obesity	Society.	Circulation.	2014;129:S102-138.	
130.	 Hill	B,	Skouteris	H,	Fuller-Tyszkiewicz	M.	Interventions	designed	to	limit	
gestational	weight	gain:	a	systematic	review	of	theory	and	meta-analysis	of	
intervention	components.	Obes	Rev.	2013;14:435-450.	
131.	 Gardner	B,	Wardle	J,	Poston	L,	Croker	H.	Changing	diet	and	physical	activity	to	
reduce	gestational	weight	gain:	a	meta-analysis.	Obes	Rev.	2011;12:e602-620.	
132.	 Gray-Donald	K,	Robinson	E,	Collier	A,	David	K,	Renaud	L,	Rodrigues	S.	Intervening	
to	reduce	weight	gain	in	pregnancy	and	gestational	diabetes	mellitus	in	Cree	
communities:	an	evaluation.	Cmaj.	2000;163:1247-1251.	
		
81	
133.	 Kinnunen	TI,	Pasanen	M,	Aittasalo	M,	et	al.	Preventing	excessive	weight	gain	
during	pregnancy	-	a	controlled	trial	in	primary	health	care.	Eur	J	Clin	Nutr.	
2007;61:884-891.	
134.	 Ryan	RM,	Deci	EL.	Self-determination	theory	and	the	facilitation	of	intrinsic	
motivation,	social	development,	and	well-being.	Am	Psychol.	2000;55:68-78.	
135.	 Rollnick	S,	Miller	W,	Butler	C.	Mo:	va:	onal	Interviewing	in	Health	Care:	Helping	
People	Change	Behavior.	Guilford	Press,	NY.	2008.	
136.	 Teixeira	PJ,	Carraca	EV,	Markland	D,	Silva	MN,	Ryan	RM.	Exercise,	physical	
activity,	and	self-determination	theory:	a	systematic	review.	Int	J	Behav	Nutr	
Phys	Act.	2012;9:78.	
137.	 Silva	MN,	Vieira	PN,	Coutinho	SR,	et	al.	Using	self-determination	theory	to	
promote	physical	activity	and	weight	control:	a	randomized	controlled	trial	in	
women.	J	Behav	Med.	2010;33:110-122.	
138.	 Gaston	A,	Wilson	PM,	Mack	DE,	Elliot	S,	Prapavessis	H.	Understanding	physical	
activity	behavior	and	cognitions	in	pregnant	women:	An	application	of	self-
determination	theory.	Psychology	of	Sport	and	Exercise.	2013;14:405-412.	
139.	 Institute	of	Medicine	Committee	on	Quality	of	Health	Care	in	A.	Crossing	the	
Quality	Chasm:	A	New	Health	System	for	the	21st	Century.	Washington	(DC):	
National	Academies	Press	(US)	Copyright	2001	by	the	National	Academy	of	
Sciences.	All	rights	reserved.;	2001.	
140.	 Papoutsakis	C,	Moloney	L,	Sinley	RC,	Acosta	A,	Handu	D,	Steiber	AL.	Academy	of	
Nutrition	and	Dietetics	Methodology	for	Developing	Evidence-Based	Nutrition	
Practice	Guidelines.	J	Acad	Nutr	Diet.	2017;117:794-804.	
141.	 Tahan	HA,	Sminkey	PV.	Motivational	interviewing:	building	rapport	with	clients	
to	encourage	desirable	behavioral	and	lifestyle	changes.	Prof	Case	Manag.	
2012;17:164-172;	quiz	173-164.	
142.	 Hardcastle	S,	Blake	N,	Hagger	MS.	The	effectiveness	of	a	motivational	
interviewing	primary-care	based	intervention	on	physical	activity	and	predictors	
of	change	in	a	disadvantaged	community.	J	Behav	Med.	2012;35:318-333.	
	
		
82	
CHAPTER	3:	THE	BEHAVIORAL	WELLNESS	IN	PREGNANCY	STUDY:	A	RANDOMIZED		
	
CONTROLLED	TRIAL	OF	A	MULTI-COMPONENT	INTERVENTION	TO	PROMOTE		
	
APPROPRIATE	GESTATIONAL	WEIGHT	GAIN	
	
A	paper	to	be	submitted	to	American	Journal	of	Clinical	Nutrition	
	
Lyndi	M	Buckingham-Schutt,	Laura	D	Ellingson,	Spyridoula	Vazou,	Christina	G	Campbell	
	
	
Abstract	
Objective:	Adequate	weight	gain	during	pregnancy	is	important	to	both	
maternal	and	fetal	outcomes.	To	date,	a	randomized	controlled	trial	has	yet	to	show	
efficacy	for	a	gestational	weight	gain	(GWG)	intervention	to	increase	the	proportion	of	
women	meeting	weight	gain	guidelines	during	pregnancy.	Objective:	To	determine	if	a	
multi-component	behavioral	intervention	with	a	Registered	Dietitian	Nutritionist	(RDN)	
significantly	improves	the	proportion	of	women	that	adhere	to	the	2009	IOM	weight	
gain	guidelines.	Design:	Participants	were	randomized	to	usual	care	(n	=	24)	or	
intervention	(n	=	23)	between	8-14	weeks	gestation.	The	intervention	included	a	
minimum	of	6	one-on-one	counseling	sessions	over	approximately	30	weeks	focusing	on	
healthy	diet	and	physical	activity	(PA)	goals.	In	addition	to	the	face-to-face	visits,	weekly	
communication	via	email	supported	healthy	eating,	PA,	and	appropriate	weight	gain.	
GWG,	PA,	and	diet	were	assessed	between	8-14	weeks,	26-28	weeks	and	34-36	weeks	
gestation;	weight	retention	was	measured	two-months	postpartum.	Results:	The	
proportion	of	women	meeting	the	guidelines	was	significantly	greater	in	those	receiving	
the	intervention	than	usual	care	(60.8%	vs.	25.0%,	OR:	4.67	CI:	1.3-16.2;	p	=	0.019).	
Further,	36.4%	of	the	intervention	women	were	at	or	below	pre-pregnancy	weight	at	
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two-months	postpartum	compared	to	12.5%	in	usual	care	(p	=	0.05).	Conclusions:	A	
multi-component	behavioral	intervention	improved	adherence	to	2009	IOM	weight	gain	
guidelines.	Trial	registration:	Clinical	trial	with	clinicaltrial.gov:	NCT02168647	
Introduction	
Gestational	weight	gain	(GWG)	is	an	important,	modifiable	risk	factor	during	
pregnancy	to	prevent	maternal	and	fetal	complications.	Data	from	the	Pregnancy	Risk	
Assessment	Monitoring	System	and	the	National	Vital	Statistics	System	reported	that	
approximately	47%	of	women,	regardless	of	pre-pregnancy	BMI,	are	gaining	in	excess	of	
the	weight	gain	guidelines	for	pregnancy.1,	2	Excessive	gestational	weight	gain	(EGWG)	is	
an	even	greater	concern	for	women	who	are	categorized	as	overweight	or	obese	prior	
to	pregnancy,	with	66%	of	overweight	women	and	55%	of	obese	women	gaining	in	
excess.1		
Regardless	of	pre-pregnancy	BMI,	the	consequences	of	EGWG	affect	both	
mother	and	infant,	with	increased	risk	for	post-pregnancy	weight	retention	and	in	turn,	
cumulative	weight-gain	over	several	pregnancies	leading	to	development	of	chronic	
disease	such	as	type	2	diabetes,	heart	disease	and	cancer.3-5	Excessive	weight	gain	
during	pregnancy	is	also	associated	with	obesity	of	offspring	from	infancy	into	
adulthood.6,	7	Thus,	reducing	the	percentage	of	women	gaining	weight	outside	of	
current	guidelines	has	long-term	health	implications	for	both	mother	and	child.	In	a	
recent	impact	study,	researchers	compared	the	effect	of	GWG	on	obesity	and	found	
that	eliminating	EGWG	during	pregnancy	significantly	reduced	prevalence	of	obesity	at	
age	40.8		
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To	date,	results	from	existing	interventions	targeting	weight	gain	during	
pregnancy	are	equivocal.	Thus,	it	is	unclear	how	to	effectively	prevent	EGWG.	9-12	
Utilizing	behavioral	theory	and	one-on-one	counseling	to	elicit	behavior	change	is	
effective	for	behavior	change	in	other	populations13-17	and	may	be	an	effective	approach	
to	reduce	the	proportion	of	women	who	gain	outside	of	the	IOM	guidelines.9	One	
potentially	useful	theory	is	Self-Determination	Theory	(SDT),	a	theory	that	explores	
human	motivation	and	the	factors	that	encourage	or	undermine	health-related	
behaviors.18	In	non-pregnant	populations,	the	use	of	SDT	as	a	theoretical	framework	for	
weight	loss	interventions	has	been	effective	at	facilitating	behavior	change	that	was	
necessary	for	successful	outcomes.14,	19	In	a	pregnant	population,	targeting	behaviors	
including	diet	and	physical	activity	in	combination	with	a	Motivational	Interviewing	(MI)	
counseling	approach	may	be	more	effective	to	reduce	EGWG.		
The	primary	aim	of	the	study	was	to	test	the	efficacy	of	a	SDT-based	lifestyle	
intervention	to	increase	the	proportion	of	women	meeting	the	2009	IOM	weight	gain	
guidelines	compared	to	usual	care	(UC)	using	a	randomized	controlled	design.	A	
secondary	aim	was	to	determine	the	influence	of	the	intervention	on	postpartum	
weight	retention.	This	study,	The	Behavioral-Wellness	in	Pregnancy,	is	a	continuation	of	
previous	research	conducted	as	part	of	The	Blossom	Project.	The	mission	of	The	
Blossom	Project	is	“to	improve	the	lives	of	women	and	their	children,	one	pregnancy	at	
a	time”.	Previous	research	conducted	by	The	Blossom	Project	laboratory	included	
evaluation	of	prenatal	lifestyle,	specifically	diet	and	PA,	and	pregnancy	interventions.20,	
21		
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Subjects	and	Methods	
Participant	Selection.	Fifty-six	pregnant	women	between	the	ages	18-45	years	
old	with	a	singleton	pregnancy,	and	between	the	8th	and	14th	week	of	gestation	were	
enrolled	from	a	Midwest	town	between	April	2014	–	March	2017.	Women	were	
recruited	from	the	community	with	the	assistance	of	two	local	OBGYN	offices,	via	word	
of	mouth,	online	postings,	and	fliers	distributed	to	the	community.	Mass	emails	were	
also	sent	out	to	university	faculty,	staff,	and	students.	Women	were	only	eligible	if	they	
participated	in	exercise	less	than	3	sessions	per	week	for	less	than	30	minutes	per	day	
for	at	least	6	months	prior	to	conception.	The	criterion	for	“inactive”	was	established	
based	on	the	cut-off	for	defining	“regular	exercise”	during	pregnancy.22-24	Additional	
inclusion	criteria	included	a	body	mass	index	(BMI)	between	18.5-45.5	kg/m2,	receiving	
regular	prenatal	care,	and	physician	documented	approval	to	participate	in	the	study.	
Exclusion	criteria	were	a	history	of	chronic	disease	(e.g.,	Type	1	diabetes,	cardiovascular	
disease,	thyroid	disease),	and	previous	diagnosis	of	gestational	diabetes	or	pre-
eclampsia,	Additionally,	to	be	eligible,	all	participants	had	to	be	willing,	if	asked,	to	walk	
10,000	steps	per	day,	meet	with	a	RDN	on	a	monthly	basis,	and	follow	nutrition	
recommendations	provided	by	the	RDN.	Each	participant’s	medical	provider	confirmed	
qualification	for	participation	and	provided	medical	consent	to	participate.		
Ethics	approval	was	obtained	from	the	Institutional	Review	Board	at	Iowa	State	
University	(Ames,	Iowa)	and	all	participants	signed	informed	consent	documents	prior	to	
participation.	The	trial	was	registered	as	a	clinical	trial	with	clinicaltrial.gov,	identifier	
code	NCT02168647.	
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Study	Procedures.		
At	the	initial	study	visit,	participants	self-reported	demographics	including	age,	
education	level,	race,	marital	status,	number	of	previous	pregnancies,	parity,	average	
weekly	minutes	of	moderate-vigorous	physical	activity	(MVPA)	prior	to	pregnancy,	and	
weekly	MVPA	since	becoming	pregnant	(prior	to	enrollment).	At	this	time,	women	also	
self-reported	their	pre-pregnancy	weight	and	provided	consent	to	obtain	the	weight	
from	all	prenatal	appointments.	Height	and	weight	were	measured	(without	shoes,	
coats,	or	heavy	clothing	items)	to	the	nearest	0.1	cm	and	0.1	kg,	respectively	(Ayrton	
226	Hite-Rite	Precision	Mechanical	Stadiometer,	Quick	Medical	GS,	Snoqualmie,	WA,	
and	Detecto	Model	6855	Cardinal	Scale,	Manufacturing	Co.,	Webb	City,	MO).		
Data	collection.	Data	was	collected	for	all	participants	during	three,	7-day	data	
collection	periods	between	week	8-14	(baseline),	week	26-28	(visit	2),	and	week	34-36	
(visit	3)	of	pregnancy.	Each	data	collection	period	was	identical	except	for	the	addition	
of	an	oral	glucose	tolerance	test	at	visit	2.	Trained	members	of	the	Blossom	Project	
collected	and	analyzed	all	research	data.	These	included	the	project	principle	
investigator,	lead	graduate	student,	and	undergraduate	dietetic	students.		
Usual	care.	Women	randomized	to	the	UC	group	attended	their	routinely	
scheduled	visits	with	their	prenatal	providers.	At	each	prenatal	visit,	nurses	weighed	
participants	and	the	recorded	weight	was	faxed	to	Blossom	Project	staff.	The	weight	
from	each	prenatal	appointment	was	plotted	on	an	IOM	weight	gain	chart	specific	to	
each	participants	pre-pregnancy	BMI	and	emailed	to	the	participant	within	a	week	of	
the	appointment.25	Appropriate	weight	gain	was	determined	based	on	pre-pregnancy	
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BMI	using	self-reported	pre-pregnancy	weight	and	height	measured	by	researchers	at	
the	enrollment	appointment.	Weight	gain	was	calculated	as	weight	measured	at	each	
prenatal	appointment	or	data	collection	visit	minus	self-reported	pre-pregnancy	weight.	
The	researchers	provided	no	additional	lifestyle	counseling	to	this	group	
Intervention.	Participants	in	the	intervention	received	a	multi-component	(PA	
and	diet)	behavioral	lifestyle	intervention	that	included	counseling	and	a	wearable	
fitness	tracker	including	dietary	software	(Fitbit®	Flex	Activity	Monitor;	Fitbit	Inc.,	San	
Francisco,	CA)	and	was	targeted	towards	increasing	physical	activity	and	modifying	
carbohydrate	intake,	with	the	primary	goal	of	increasing	the	proportion	of	women	that	
met	the	2009	IOM	GWG	weight	gain	guidelines.	Participants	in	this	group	took	part	in	a	
minimum	of	six,	15-30	minute	one-on-one	visits	with	a	Registered	Dietitian	Nutritionist	
(RDN)/Licensed	Dietitian	from	no	later	than	week	14	gestation	to	childbirth.	One-on-one	
sessions	took	place	at	a	research	facility	or	the	OBGYN	clinic	where	the	participant	
received	their	routine	prenatal	care.	Participants	were	weighed	by	the	RDN	at	each	face-
to-face	session.	Weight	gain	was	plotted	on	an	IOM	weight	gain	chart	and	feedback	on	
weight	gain	was	provided.		
	The	counseling	sessions	focused	on	appropriate	weight	gain	during	pregnancy	
through	the	use	of	an	individualized	meal	plan,	PA	goals,	and	behavioral	modification.	
Participants	were	able	to	view	steps	taken	per	day	and	log	food	intake	on	the	Fitbit®	
website.	Additionally,	participants	had	weekly	email	contact	with	the	RDN	to	discuss	
nutrition	and	physical	activity	goals,	weight	gain,	and	address	any	questions	or	concerns.		
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Physical	Activity	intervention.	Following	randomization,	women	assigned	to	this	
group	received	their	Fitbit	Flex	and	were	instructed	on	its	care	and	use	including	both	
PA	and	diet-related	features	on	the	app.	Each	participant	was	provided	a	Fitbit®	website	
account	set	up	with	a	Blossom	Project	username	code	to	ensure	privacy	of	the	
participant’s	identity.	The	monitor	tracks	daily	steps	taken,	distance	traveled,	and	active	
minutes.	Use	of	a	Fitbit®	product	included	access	to	the	product	website	that	allowed	
participants	to	log	activities	and	dietary	intake.	Participants	were	encouraged	to	use	
their	Fitbit	to	motivate	and	track	adherence	towards	the	recommendation	of	≥10,000	
steps	per	day.	The	first	three	weeks	of	the	program	allowed	for	a	gradual	increase	in	
walking	time	with	participants	increasing	step	counts	by	10%	each	week	following	
baseline	data	collection.		
Dietary	intervention.	The	dietary	intervention	included	a	225-gram	carbohydrate	
diet	emphasizing	a	lower	percentage	of	total	calories	from	carbohydrates	to	achieve	
appropriate	weight	gain.	Based	on	a	2000-calorie	diet,	women	were	asked	to	consume	
approximately	45%	calories	from	carbohydrate,	25%	protein,	and	30%	fat	with	an	
emphasis	on	whole	grains,	lean	proteins,	and	mono-	and	polyunsaturated	fats.	A	
personalized	meal	plan	was	developed	to	outline	appropriate	intake	throughout	the	
day.	Additional	documents	including	a	flexible	three-day	meal	plan	example,	a	“quick	
tips”	reference	sheet,	and	a	daily	food	group	checklist,	were	created	and	provided	to	
participants	to	encourage	use	and	compliance	of	the	meal	plan.	Participants	were	also	
asked	to	keep	a	food	journal	on	the	Fitbit®	website	on	one	or	two	days	per	week	to	be	
reviewed	with	the	RDN	during	the	monthly	counseling	sessions.		
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Behavior-counseling	sessions.	Women	randomized	to	the	intervention	group	also	
participated	in	monthly	one-on-one	counseling	sessions	with	the	RDN.	The	counseling	
sessions	were	used	to	promote	behavior	change	and	were	based	on	the	theoretical	
framework	of	self-determination	theory	(SDT)	and	Motivational	Interviewing	(MI).	To	
promote	behavior	change,	researchers	used	the	MI	counseling	approach	to	facilitate	a	
sense	of	ownership	over	participant’s	behavior,	with	the	goal	to	internalize	the	locus	of	
control	and	motivation.	Strategies	used	by	the	researchers	included:	creating	an	
automony-supportive	environment	by	increasing	physical	activity	and	dietary	
knowledge,	supporting	change	talk	from	participants,	providing	positive	feedback	and	
ideas	for	behavior	change	when	advice	was	asked,	aiding	participants	in	the	exploration	
of	their	values,	goals,	and	the	discrepancies	between	current	behaviors	and	desired	
outcomes,	and	encouraging	choice	and	self-initiation.		
All	sessions	followed	the	four	phases	of	process	change	used	in	MI.26	Behavior	
change	techniques	specific	to	MI	used	at	each	session	included:	open-ended	questions,	
affirmation,	reflective	statements,	summary	statements	(OARS),	questions	to	elicit	
change	talk	(DARN	questions-	Desire,	Ability,	Reason,	Need),	double-sided	reflection,	
hypothetical	thinking,	support	for	change,	emotional	support,	and	a	summary	of	the	
plan.	Session	structure	and	broad	goals	were	designed	to	model	a	successful	weight	loss	
SDT-based	intervention.14		
Outcomes.	Gestational	Weight	Gain.	The	primary	outcome	was	the	proportion	
of	women	that	met	the	2009	IOM	weight	gain	guidelines.	Weight	gain	from	each	data	
collection	visit	was	used	to	examine	the	rate	of	GWG	by	subtracting	self-reported	pre-
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pregnancy	weight	from	the	measured	weight	at	each	visit.	Total	weight	gain	was	
calculated	as	measured	weight	by	research	staff	at	the	final	data	collection	visit	minus	
self-reported	pre-pregnancy	weight.	Recommended	GWG	was	calculated	as	expected	
first	trimester	total	GWG	+	([gestational	age	at	time	of	weight	measurement]	–	13	
weeks	0	days]	*	weekly	recommended	weight	gain	for	2nd	and	3rd	trimesters	based	on	
pre-pregnancy	BMI).	Participants	total	GWG	was	categorized	as	inadequate,	adequate,	
or	excessive	using	the	minimum	and	maximum	values	of	the	weekly-recommended	
weight	gain	range.25		
Pregnancy	complications	and	fetal	outcomes.	Data	on	birth	outcomes	was	
collected	from	delivering	hospitals	with	the	consent	of	each	participant.	At	two-months	
post-partum,	participants	returned	to	the	research	center	for	weight	measurement	and	
a	post-partum	survey	to	provide	additional	birth	information.			
Physical	Activity.	Prior	to	the	start	of	each	data	collection	visit,	all	participants	
were	instructed	how	to	wear	a	SenseWear®	Mini	armband	(SenseWear®	armband	by	
BodyMedia,	Inc.,	Pittsburgh,	PA),	an	activity	monitor,	to	objectively	record	quantitative	
data	on	daily	PA	including	energy	expenditure	and	PA	intensity.	Previous	research	has	
shown	this	monitor	is	a	good	predictor	of	energy	expenditure	compared	to	indirect	
calorimetry	in	mid-pregnancy.27	Participants	were	asked	to	wear	the	monitor	for	a	full	7-
consecutive,	24-hours	per	days	except	when	submerged	in	water.	Additionally,	women	
were	asked	to	record	their	daily	PA	in	a	log.	Participants	were	also	instructed	on	how	to	
wear	an	activPAL™	activity	monitor	(PAL	Technologies	Ltd.,	Glasgow,	UK)	that	is	worn	on	
the	upper	thigh	over	the	quadriceps	muscle	and	attached	to	the	leg	using	an	adhesive	
		
91	
pad.	Previous	research	has	shown	the	activPAL™	to	effectively	detect	change	in	posture	
(sitting/lying,	standing/stepping),	time	spent	in	different	positions	(upright,	sitting,	
lying),	and	step	count.28-32	Instructions	on	how	to	use	the	monitors	were	given	verbally	
and	in	writing.	
Dietary	intake.	A	weighed	3-day	diet	record	was	used	to	assess	dietary	intake.	
During	each	data	collection	visit,	participants	were	asked	to	weigh	their	food	on	two	
weekdays	and	one	weekend	day	using	a	food	scale	provided	by	the	research	team.	
Nutritionist	Pro™	(Axxya	Systems,	Stafford,	TX),	dietary	analysis	software	was	used	to	
analyze	the	intake	data	(e.g.,	total	energy	intake,	macronutrients	[absolute	and	relative	
amounts]).	The	Healthy	Eating	Index	2010	(HEI-2010)	was	used	to	assess	diet	quality.	
HEI	is	a	diet	quality	assessment	tool	that	aligns	with	the	Dietary	Guidelines	for	
Americans	2010.33	It	is	validated	as	a	reliable	measure	of	diet	quality	for	the	general	
population	as	well	as	for	pregnant	and	lactating	women.34	
Statistical	analysis.	A	sample	size	of	40	women,	20	women	per	study	arm,	was	
estimated	as	necessary	to	have	80%	statistical	power	with	statistical	significant	set	at	p	<	
0.05	to	detect	a	40%	difference	between	the	proportion	of	intervention	and	usual	care	
participants	that	gained	outside	of	the	2009	IOM	weight	gain	guidelines	for	pregnancy.	
A	sample	size	of	over	50	women	was	randomized	to	allow	for	20%	participant	attrition.		
Demographic	group	differences	were	analyzed	using	chi-square	test	for	
categorical	variables	and	student’s	t	test	for	continuous	variables.	Weight	gain,	the	
primary	outcome,	was	assessed	as	both	a	continuous	(kg)	and	a	nominal	variable	
(under,	normal,	over).	Chi-square	tests	were	used	to	assess	group	differences	for	the	
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following	analysis:	1)	the	proportion	of	women	who	met	or	did	not	meet	the	IOM	
guidelines;	2)	the	difference	in	the	proportion	of	those	who	gained	weight	below,	within	
and	exceeded	the	recommended	ranges;	and	3)	the	proportion	of	women	who	were	
above	or	at/below	pre-pregnancy	weight	at	two	months	postpartum.	Independent	
sample	t-tests	were	used	to	compare	the	difference	in	postpartum	weight	retention,	
infant	birth	weight,	birth	length,	gestational	length	at	delivery,	and	APGAR	scores	
between	groups.	To	assess	rate	of	GWG,	the	weight	and	exact	gestational	date	from	
each	prenatal	appointment	and	data	collection	visit	were	used	to	calculate	a	slope	for	
each	participant’s	weight	gain.	Independent	sample	t-tests	were	used	to	compare	the	
difference	in	slope	between	groups.		
Multiple	logistic	regression	analysis	was	used	to	examine	the	effects	of	
treatment	group	and	BMI	category	and	their	interaction	on	the	proportion	of	women	
who	exceeded	the	2009	IOM	recommended	weight	gain.	The	groups	of	women	with	
weight	gain	below	or	within	the	recommendation	were	combined	in	this	analysis.		
Mixed-model	repeated-measures	analysis	was	used	to	assess	the	effects	of	
treatment	group	over	time	(gestational	length)	on	changes	in	physical	activity	and	
dietary	variables.	Participants	were	treated	as	a	random	effect	in	the	model.	Post	hoc	
pair-wise	comparisons	of	least-squares	means	were	performed	on	significant	
differences	between	factors	among	levels.	Significance	was	set	at	p	of	<	0.05.		
Results	
Participant	enrollment	and	baseline	characteristics.	Seven	women	withdrew	
from	the	study	for	the	following	reasons:	miscarriage	(n=4;	2	intervention;	2	UC)	and	
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lack	of	time	(n=3;	2	intervention,	1	UC).	A	total	of	48	women	completed	all	data	
collections	periods.	One	additional	woman	was	excluded	from	the	analysis	due	to	
weight	loss	related	to	additional	health	issues	during	the	study	(Figure	1).	Thus,	47	
women	were	included	in	analyses.	Participants	were	predominately	White	(82.9%),	
married	(97.9%),	and	had	at	least	a	4-year	secondary	degree	(89.3%).	There	were	no	
significant	differences	in	baseline	characteristics	between	groups	(Table	1,	n	=	47).	
Among	women	in	the	intervention	group,	100%	received	≥6	one-on-one	counseling	
sessions	(average	session	attendance	=	6.8	±	0.7).		
Gestational	weight	gain.		Regardless	of	pre-pregnancy	BMI,	there	was	a	
significant	difference	between	intervention	and	UC	women	who	adhered	to	the	IOM	
guidelines	at	week	34-36	of	pregnancy	(60.9%	versus	25.0%,	respectively;	p	=	0.015).	
Furthermore,	in	the	intervention	group,	30.4%	of	women	gained	excessively	compared	
to	62.5%	of	women	in	the	UC	group	(Table	2).	Net	weight	retention	at	two-months	post	
partum	was	lower	in	the	intervention	group,	though	not	significantly	different	between	
groups	(4.4	±	4.5	kg	UC	versus	2.3	±	3.5	kg	intervention;	p	=	0.08).	
Total	GWG	(12.5	±	4.8	kg	UC	versus	11.0	±	3.6	kg	intervention;	p	=	0.11)	and	rate	
of	GWG	(0.50	±	0.17	UC	versus	0.42	±	0.12	intervention;	p	=	0.06)	did	not	significantly	
differ	between	groups.		
BMI	group	and	gestational	weight	gain.	There	was	no	interaction	between	
treatment	group	and	BMI	category	for	weight	gain	outside	of	the	IOM	guidelines	but	
there	was	a	main	effect	of	treatment	group	(p<0.003).	Interactions	between	treatment	
group,	GWG	category,	and	pre-pregnancy	BMI	category	were	explored.	A	significant	
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treatment	effect	on	adherence	to	the	IOM	categories	of	total	weight	gain	was	observed	
in	women	categorized	as	overweight	(0%	UC	women	within	range	versus	57.1%	of	
intervention	women	within	range;	p	=	0.03).	
Pregnancy	complications	and	fetal	outcomes.	With	the	exception	of	one-minute	
APGAR	score,	there	were	no	significant	differences	in	pregnancy	complications	or	birth	
outcomes	between	groups	(Table	5).		
Lifestyle	components.	We	examined	the	effect	of	the	intervention	on	diet	and	
PA	behaviors	including	average	daily	step	count,	MPVA	in	30-minute	bouts	of	length	or	
more,	total	energy	intake,	and	percent	of	energy	from	carbohydrates.	There	was	a	
significant	interaction	between	treatment	group	and	time	for	average	daily	step	count	
(F	=	6.75,	p	=	0.0019)	(Table	4).	Average	daily	step	count	increased	from	baseline	to	
weeks	26-28	in	the	intervention	group	(p	=	0.0002)	and	was	significantly	greater	in	the	
intervention	group	compared	to	UC	at	weeks	26-28	(p	=	0.0062).	MVPA	in	bouts	of	30-
minute	or	more	significantly	increased	from	baseline	to	weeks	26-28	in	the	intervention	
group	(p	=	0.008).	The	intervention	group	spent	significantly	greater	amount	of	time	in	
bouts	of	MVPA	in	30-minutes	or	more	compared	to	the	UC	group	at	weeks	26-28	(p	=	
0.014).			
There	was	a	significant	main	effect	of	group	for	percent	total	energy	from	
carbohydrates	(F	=	3.72,	p	=	0.028).	The	intervention	group	reported	intake	of	
significantly	less	carbohydrates	(measured	as	percent	of	total	energy	from	
carbohydrates)	at	week	26-28	(p	=	0.0085)	and	week	34-36	(p	=	0.0057)	compared	to	
		
95	
the	UC	group.	There	was	a	significant	increase	in	intervention	HEI	from	baseline	to	week	
26-28	(p<0.01)	but	no	change	in	HEI	scores	across	time	for	UC.		
Discussion	
Promotion	of	appropriate	weight	gain	during	pregnancy	is	a	challenge.	The	
findings	from	this	study	suggest	that	a	SDT-based,	multi-component	intervention	using	
MI	significantly	may	be	an	effective	tool	for	helping	women	achieve	healthy	weight	gain	
throughout	pregnancy	and	positively	change	behaviors	related	to	better	health	
outcomes	including	improved	diet	quality	and	increased	physical	activity.		
In	the	last	decade,	a	number	of	meta-analysis	and	systematic	reviews	have	
assessed	the	impact	of	lifestyle	interventions	using	physical	activity,	and	dietary	
modifications	alone	or	in	combination	with	the	intent	to	limit	EGWG.10,	11,	35-37	Although	
there	is	sufficient	evidence	to	suggest	that	lifestyle	interventions	have	a	modest	effect	
on	total	weight	gain	(kg),	there	has	not	been	a	significant	effect	on	increasing	the	
proportion	of	women	gaining	within	GWG	guidelines.9	When	significance	has	been	
found,	reductions	are	mainly	observed	for	the	participants	with	a	normal	pre-pregnancy	
BMI	(≤24.9	kg/m2),	while	those	in	higher	BMI	categories	do	not	improve.	Results	from	
the	present	study	demonstrate	that	this	intervention	was	effective	at	increasing	the	
proportion	of	women	that	met	the	current	weight	gain	guidelines,	regardless	of	BMI	
category,	with	greater	than	50%	of	women	categorized	as	overweight	or	obese	
successfully	meeting	the	current	guidelines.		
There	are	several	components	implemented	in	this	study	that	may	have	
contributed	to	positive	outcomes	compared	to	previous	lifestyle	interventions.	These	
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include	the	use	of	an	individually	tailored,	multi-component,	and	higher	intensity	
intervention	grounded	in	behavior	change	theory.	Using	a	“one-size-fits-all”	approach	
has	not	been	an	effective	strategy	in	previous	GWG	interventions,	even	when	diet	and	
PA-related	behavior	modifications	were	used	together.(13,	14)	For	example,	The	Fit	for	
Delivery	study,	a	low-intensity	behavioral-theory	based	intervention,	included	education	
on	appropriate	weight	gain,	diet	modification,	and	PA	goals.38	Their	standardized	
approach	for	all	women	regardless	of	pre-pregnancy	BMI	resulted	in	a	significant	
difference	in	GWG	for	normal	weight	women	(45.7%	intervention	group	met	vs.	35.1%	
standard	care	group)	but	was	not	successful	among	overweight	and	obese	women	
(20.7%	intervention	group	met	vs.	24.4%	standard	care	group).38	Although	some	success	
was	reported	from	Fit	for	Delivery	study,	the	current	study	stands	apart	due	to	several	
key	components	that	were	implemented	throughout	the	intervention.	We	believe	these	
key	components	led	to	the	high	proportion	of	success	among	all	women,	specifically	the	
individually	tailored,	one-on-one	intensive	care.		
This	study	tailored	the	intervention	to	each	woman’s	targeted	diet	and	PA	needs	
and	goals,	which	may	have	improved	its	overall	effectiveness.	It	is	well	established	in	
prenatal	intervention	research	that	using	both	diet	and	PA	can	effectively	minimize	
EGWG.(34)	For	example,	the	Nutrition	and	Exercise	Lifestyle	Intervention	Program	
(NELIP)	employed	both	diet	and	PA	modification	and	demonstrated	significant	success	in	
preventing	EGWG	while	enrolled	in	the	program	compared	to	a	historical	control.	
However,	although	there	was	a	decrease	in	the	amount	of	weight	women	gained	during	
the	intervention,	many	of	the	women	had	already	gained	in	excess	prior	to	enrollment,	
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which	led	to	overall	excess	in	gain	at	the	end	of	the	study	highlighting	the	need	for	early	
intervention.39	Other	studies	have	reported	success	at	improving	PA	or	diet	behaviors,	
yet	were	unable	to	prevent	EGWG.21,	39-41	A	previous	study	published	by	the	Blossom	
Project	found	that	targeting	PA	behaviors	during	pregnancy	is	effective	at	improving	
overall	PA	but	found	no	difference	in	weight	gain	outcomes	between	groups.21	
Consequentially,	intervention	group	participants	increased	PA	but	also	significantly	
increased	caloric	intake.	Using	the	results	from	both	the	NELIP	and	previous	Blossom	
Project	study,	we	designed	the	current	study	to	intervene	early	in	pregnancy	and	
provide	both	PA	and	diet	goals,	which	may	have	contributed	to	the	positive	change	
observed	in	diet	quality	and	increased	PA,	leading	to	the	overall	success	of	the	current	
intervention.	
In	addition	to	early	intervention	and	modification	of	both	PA	and	diet	behaviors,	
the	use	of	a	higher	intensity	(≥six	counseling	sessions	during	intervention	plus	weekly	
contact)	is	a	likely	contributor	to	the	significant	effect	of	adherence	to	GWG	guidelines.		
A	recent	systematic	review	for	MI-based	weight	loss	interventions	in	non-pregnant	
populations	found	that	interventions	that	provide	individual	counseling,	in	addition	to	
having	a	treatment	duration	of	six	months	or	more,	were	more	likely	to	report	a	
significant	effect	of	intervention	on	weight	loss.13	The	Health	in	Pregnancy	and	Post	
Birth	study	(HIPP),	a	comprehensive	lifestyle	intervention	that	utilized	health	coaching	
to	prevent	EGWG,	reported	no	difference	in	EGWG	between	groups.	41	The	authors	
attributed	the	lack	of	effect	to	the	length	of	their	intervention	and	a	single	one-on-one	
counseling	session	with	a	health	coach.	Unlike	previous	studies,	a	high	percentage	of	
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overweight	and	obese	women	in	the	current	study’s	intervention	group	that	met	the	
current	weight	gain	guidelines.	This	further	highlights	the	need	for	higher	intensity	and	
individualization	of	care	for	these	populations,	the	groups	that	are	also	the	highest	risk	
of	gaining	in	excess.2		
Looking	beyond	weight	gain,	the	intervention	had	no	consequential	effects,	
negative	or	positive,	on	pregnancy	or	birth	complications.	Although	there	was	a	
significant	difference	in	one-minute	APGAR	scores	between	groups,	with	a	higher	score	
reported	in	the	intervention	group,	these	scores	are	relatively	subjective	and	a	one-
point	difference	is	not	likely	a	meaningful	outcome.	Previous	GWG	intervention	studies	
also	found	no	positive	effect	of	intervention	on	maternal	and	fetal	outcomes.38,	42-45	
However,	larger	prospective	studies	suggest	that	both	timing	and	amount	of	weight	gain	
influence	infant	outcomes	including	birth	weight,	body	composition,	and	long-term	
health.46-48	In	the	current	study,	we	were	adequately	powered	to	detect	a	difference	in	
our	primary	outcome	but	not	secondary	outcomes	like	these.	As	such,	larger	studies	are	
necessary	to	determine	the	effect	of	this	intervention	on	fetal	outcomes.		
Strengths	of	this	study	included	its	randomized	design,	enrolling	individuals	of	all	
BMI	groups,	and	high-intensity	and	frequent	contact	with	the	research	staff.	
Researchers	also	provided	women	with	feedback	on	weight	gain	that	was	adjusted	
according	to	the	IOM	recommended	weight	specific	to	each	woman’s	gestational	length	
at	the	time	it	was	measured.	This	provided	woman	a	tailored	view	of	their	weight	gain	
throughout	pregnancy	and	an	opportunity	to	discuss	how	to	adjust	if	they	were	gaining	
too	much	or	not	enough	weight	with	the	RDN.	Additionally,	all	women	randomized	to	
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the	intervention	group	received	tailored	care	and	counseling	from	early	pregnancy	until	
childbirth.	Lastly,	the	study	used	an	established	behavior	change	theory	and	MI	
approach	to	facilitate	behavior	change.		
The	study	did	have	some	limitations.	The	sample	was	relatively	homogenous	
with	respect	to	education,	marital	status,	and	ethnicity,	which	is	reflective	of	the	region	
in	which	the	study	was	conducted.	Nonetheless,	the	lack	of	diversity	limits	the	
generalizability	of	findings.	Further,	women	that	enrolled	and	participated	in	this	study	
were	aware	of	the	intervention	expectations,	which	included	asking	women	to	modify	
their	diet	and	PA	behaviors	and	as	such,	may	have	been	more	motivated	to	change	than	
the	general	pregnant	population.	Lastly,	though	the	high	intensity	and	frequent	contact	
with	participant	is	a	significant	strength	of	this	study,	it	also	potentially	limits	the	
translatability	of	this	intervention	as	time	and	financial	constraints	may	preclude	
providing	this	level	of	support	throughout	pregnancy	in	a	non-research	setting.	While	
the	current	design	may	not	be	readily	translatable	to	a	clinical	setting,	it	is	important	to	
note	that	the	current	study	was	an	efficacy	trial	to	determine	whether	or	not	this	
intervention	would	be	effective.		
Conclusions	
In	conclusion,	the	use	of	a	multi-component,	behaviorally-based	intervention	
designed	using	a	theoretical	framework	(SDT)	and	utilizing	a	behavior	change	counseling	
approach	(MI)	significantly	increased	the	proportion	of	women	in	the	intervention	group	
that	met	current	weight	gain	guidelines	for	pregnancy	compared	to	women	receiving	
usual	care.	The	potential	impact	that	gaining	the	appropriate	amount	of	weight	during	
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pregnancy	has	on	long-term	health	outcomes	highlights	the	importance	of	continued	
work	to	substantially	reduce	the	occurrence	of	EGWG.	The	current	study	was	an	efficacy	
trial	and	as	such,	it	is	important	to	further	determine	whether	this	RCT	can	be	translated	
to	a	larger,	more	diverse	pregnant	population	in	a	clinical	setting.	In	addition,	before	
this	intervention	can	be	translated	to	a	clinical	care	setting,	further	analysis	will	need	to	
identify	key	components,	such	as	individualized	one-on-one	contact	with	a	trained	
health	professional,	intervention	components,	length,	and	intensity	of	intervention,	
contributed	to	the	success	of	this	study.	Based	on	the	results	of	this	study,	lifestyle	
behavior	modification	can	work	in	increasing	the	proportion	of	women	that	gain	the	
appropriate	amount	of	weight	during	pregnancy.	However,	it	is	important	to	create	a	
delivery	method	using	the	components	of	the	current	study	that	is	more	likely	to	be	
adapted	and	translated	in	our	current	health	care	setting.		
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Table	1.	Descriptive	characteristics	of	study	participants	at	baseline	
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Table	2:		Gestational	weight	gain	(GWG)	adequacy	during	pregnancy	by	treatment	group1	
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Table	3.	Gestational	weight	gain	(GWG)	during	pregnancy	by	treatment	group	and	BMI	
category1	
	
1IOM	recommendation:	2009	Institute	of	Medicine	GWG	recommendations.		
aIndicates	significant	treatment	effect	within	each	BMI	group	(p	<	0.05).	
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Table	4:	Behavioral	component	changes	during	pregnancy1	
	
1Values	are	reported	as	means	±	SD	
aPost	hoc	pair-wise	comparison	between	groups	at	timepoint	significant	p<0.01.	
bPost	hoc	pair-wise	comparison	for	change	in	score	across	pregnancy	significant,	p<0.01	
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Table	5.	Effect	of	treatment	on	pregnancy	outcomes		
	 Usual	Care	 Intervention	 p-value	
Birth	weight	(kg)	 3.59	±	0.6	 3.58	±	0.4	 0.98	
Birth	length	(cm)	 52.4	±	3.7	 52.1	±	2.3	 0.79	
Gestational	age	at	delivery	(days)	 277	±	12	 274	±	15	 0.41	
APGAR	score	
		1	minute	
		5	minute	
	
7.6	±	1.8	
8.8	±	0.7	
	
8.4	±	0.5	
9.0	±	0.0	
	
0.05	
0.29	
Pre-term	delivery	(<37	wk)	(n)	 1	 0	 0.33	
Low	birth	weight	(<2500	g)	(n)	 1	 0	 0.52	
Macrosomia	(>4000	g)	(n)	 6	 4	 0.72	
Cesarean	delivery	(n)	
		Planned	
		Unplanned	
	
0	
2	
	
3	
3	
	
0.10	
0.66	
Gestational	diabetes	(n)	 1	 0	 0.52	
Preeclampsia	(n)	 1	 0	 0.52	
Pregnancy	induced	hypertension	(n)	 0	 2	 0.22	
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Figure	1.	CONSORT	diagram	of	recruitment	and	enrollment	
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CHAPTER	5.	IMPACT	OF	A	BEHAVIORALLY-BASED	RANDOMIZED	CONTROLLED	TRIAL	
	
	ON	MATERNAL	HEALTHY	LIFESTYLE	THROUGHOUT	PRENGNACY		
	
A	paper	to	be	submitted	to	the	journal	of	the	International	Society	of	Behavioral	
Nutrition	and	Physical	Activity	
Lyndi	M	Buckingham-Schutt,	Laura	D	Ellingson,	Spyridoula	Vazou,	Anna	Peterson,	
Christina	G	Campbell	
	
Abstract	
Objective:	Although	regular	physical	activity	(PA)	and	intake	of	a	healthy	diet	are	
recommended	during	pregnancy,	few	women	are	meeting	the	requirements.	The	
purpose	of	this	study	is	to	evaluate	the	efficacy	of	a	multi-component	lifestyle	
intervention	to	change	PA	and	dietary	behaviors	in	previously	sedentary	pregnant	
women.	Methods:	A	total	of	forty-eight	inactive	pregnant	women	were	included	in	the	
analysis	(usual	care,	n	=	25;	intervention	group,	n	=	23).	To	promote	appropriate	weight	
gain	during	pregnancy,	the	women	in	the	intervention	group	received	behavior	
counseling	with	a	Registered	Dietitian	Nutritionist,	a	Fitbit®	Flex	to	monitor	daily	PA,	and	
an	individualized	meal	plan.	Women	were	encouraged	to	set	a	daily	step	goal	(≥10000	
steps	per	day)	and	eat	45%	of	total	calories	from	carbohydrates.	A	combined	lifestyle	
score	(LS)	was	calculated	for	each	participant	using	data	from	objective	PA	assessment	
and	weighed	diet	records	collected	at	early-,	mid-,	and	late-pregnancy.	Results:	
Participants	in	the	intervention	group	significantly	improved	total	LS	(p<0.0001)	and	had	
significantly	higher	total	(p<0.05)	and	PA	LSs	(p<0.05)	at	mid-pregnancy	compared	to	
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usual	care.	Empty	calorie	and	total	step	count	score	were	the	only	significant	behavioral	
predictors	of	gestational	weight	gain	at	weeks	34-36	gestation	(r2	=	0.86,	F	=	46.12,	p<	
0.0001).	Conclusion:	The	use	of	a	multi-component	lifestyle	intervention	significantly	
improved	the	composite	healthy	lifestyle	scores	in	previously	inactive	pregnant	women.	
Introduction	
In	the	United	States	and	around	the	world,	it	is	recognized	that	health	behaviors	
play	an	important	role	in	the	prevention	and	management	of	chronic	disorders	including	
obesity1,	2,	type	2	diabetes	mellitus3,	and	cardiovascular	disease4.	There	is	strong	
evidence	that	shows	a	large	proportion	of	our	society	does	not	participate	in	positive	
health	behaviors	including	regular	physical	activity	(PA)	and	a	healthy	diet.5-8	This	fact	
holds	true	during	pregnancy	9	despite	the	fact	it	is	an	opportune	moment	to	make	
healthy	choices	that	benefit	both	mother	and	baby.10		
Physical	activity	is	an	important	behavior	in	pregnancy	necessary	to	counteract	
the	normal	state	of	insulin	resistance	present	in	late	gestation	and	promote	appropriate	
weight	gain.11	Olson	and	Strawderman12	showed	that	there	is	a	1.7	times	greater	
likelihood	of	excessive	weight	gain	in	woman	who	are	less	physically	active	during	
pregnancy	than	prior	to	pregnancy	compared	to	women	who	maintain	or	increase	their	
PA	level	during	pregnancy.13		
As	with	the	general	population,	there	are	specific	guidelines	and	
recommendations	for	PA	during	pregnancy.	The	American	College	of	Obstetricians	and	
Gynecologists	(ACOG)	recommends	that	pregnant	women	without	contraindications	
should	engage	in	at	least	20-30	minutes	of	moderate	to	vigorous	PA	on	most	if	not	all	
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days	of	the	week.	Recommendations	by	the	United	States	Department	of	Health	and	
Human	Services	recommend	pregnant	women	participate	in	at	least	150	minutes	of	
moderate-intensity	physical	activity	(MVPA)	per	week.14,	15		
Unfortunately,	few	pregnant	women	are	meeting	the	recommendations	for	PA	
during	pregnancy.	A	study	using	recent	National	Health	and	Nutrition	Examination	
Survey	data	found	that	pregnant	women	were,	on	average,	spending	12	±	0.86	minutes	
per	day	in	moderate	activity.9	Furthermore,	total	time	spent	in	moderate	or	vigorous	PA	
declined	with	progression	of	pregnancy,	from	the	first	to	the	third	trimester	(moderate	
activity	7.6	±	0.59	minutes	per	day	in	third	trimester).9	In	addition	to	declines	in	PA,	
many	women	spend	greater	than	50%	of	their	day	engaging	in	sedentary	behaviors	(SB)	
such	as	sitting	or	lying	down.9	A	recent	observational	study	found	that	women	in	their	
2nd	trimester	spent	70%	of	their	day	in	SB.16	
Dietary	intake	during	pregnancy	is	also	an	important	factor	influencing	infant	
outcomes	including	fetal	development	and	growth.17-19	Diet	quality	during	pregnancy	
also	plays	a	role	in	maternal	outcomes	including	post-partum	diet	quality	and	weight	
retention.20	Compliance	with	recommended	nutritional	guidelines	during	pregnancy	is	
known	to	be	less	than	ideal.	Previous	research	has	shown	a	decrease	in	fruit	intake	and	
an	increase	in	meat	intake	and	energy	from	solid	fats	and	added	sugars	from	early	to	
late	pregnancy.21,	22	Furthermore,	women	of	childbearing	age	have	low	diet	quality,	
which	could	continue	into	the	early	weeks	of	pregnancy,	a	critical	time	for	fetal	
development.23		
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Recognizing	the	importance	of	diet	and	PA	during	pregnancy	has	led	to	an	
increase	in	interventions	that	evaluate	strategies	to	improve	these	lifestyle	factors	in	
pregnant	women.	Exploration	of	the	impact	of	an	intervention	during	pregnancy	on	
lifestyle	factors	is	often	examined	as	it	relates	to	behavior	change	and	in	turn,	the	
changes	effect	on	gestational	weight	gain	(GWG).	To	better	understand	the	effect	of	the	
intervention	on	behavior	modification,	we	created	a	pregnancy	lifestyle	score	that	
includes	diet	and	PA	variables	that	are	shown	to	affect	GWG.	We	believe	a	composite	
score	will	help	us	to	better	assess	a	number	of	diet	and	PA	variables	and	eliminate	some	
error	related	to	multiple	comparisons	of	numerous	factors.	
The	primary	purpose	of	the	current	study	was	to	analyze	the	impact	of	a	multi-
component	theory-based	intervention	on	GWG	(results	can	be	found	in	Chapter	3).	The	
purpose	of	this	analysis	is	to	evaluate	the	efficacy	of	a	multi-component	lifestyle	
intervention	to	change	PA	and	dietary	behaviors	in	previously	sedentary	pregnant	
women.	It	was	hypothesized	that	women	receiving	this	intervention	would	increase	
overall	PA	and	improve	dietary	behaviors	compared	to	women	who	did	not	receive	the	
intervention.		
Methods	
Study	eligibility,	participants,	and	randomization.	Fifty-six	women	between	8-
14	weeks	gestation	were	enrolled	into	a	RCT	(Clinical	trial	#	NCT02168647)	over	a	three-
year	period.	Participants	were	recruited	with	the	use	of	fliers	posted	online,	in	the	
community,	and	given	in	the	local	prenatal	clinics.	Mass	recruiting	emails	were	also	sent	
on	campus	to	staff,	faculty,	and	students.	Eligibility	criteria	included	a	singleton	
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pregnancy,	gestational	age	between	8	and	14	weeks,	a	BMI	between	18.5-45.5	kg/m2,	
age	18-45	years,	receiving	regular	prenatal	care,	physician	documented	approval	to	
participate	in	the	study,	no	history	of	chronic	disease	(e.g.	Type	1	diabetes	mellitus,	
cardiovascular	disease,	thyroid	disease),	no	previous	diagnosis	of	gestational	diabetes	or	
pre-eclampsia,	no	use	of	medication	known	to	influence	overall	metabolism,	and	ability	
to	effectively	communicate	with	research	staff.		
Women	were	also	required	to	be	low	active	prior	to	enrollment	in	the	study.	We	
defined	“low	active”	as	less	than	there,	30-minute	sessions	per	week	based	on	
previously	reported	cut-offs	to	determine	“regular	exercises”	during	pregnancy.24-26	To	
determine	eligibility,	women	were	asked	to	answer	two	questions	prior	to	enrollment:	
1)	Do	you	currently	participate	in	any	PA	outside	of	normal	daily	activity?	and	2)	Did	you	
participate	in	any	PA	outside	of	your	normal	daily	activity	during	the	last	six	months?	If	
the	answer	was	“yes”	to	either	one	of	the	two	questions,	the	woman	was	asked	to	
describe	the	type	of	PA,	frequency,	and	duration.		
	A	computer-generated	random	allocation	was	used	to	randomize	women	into	
one	of	two	groups,	usual	care	(UC)	or	lifestyle	intervention	one	week	of	baseline	data	
collection.	Both	the	researchers	and	participants	were	blinded	to	group	assignment	until	
baseline	data	was	completed.	Participants	collected	data	at	study	entry	(baseline),	26-28	
weeks	gestation,	and	34-46	weeks	gestational	for	one	full	week	(24-hour,	7	days)	at	
each	timepoint.	All	participants	returned	at	two	months	postpartum	for	a	follow-up	
visit.	Participation	in	the	intervention	group	began	immediately	after	randomization.	
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Eight	women	withdrew	from	the	study	prior	to	completion	for	the	following	reasons:	
medical	complications	(n=	4),	lost	to	follow-up	(n=	1),	and	lack	of	time	(n=	3).	
	 Usual	Care.	Women	randomized	to	the	UC	group	attended	their	routinely	
scheduled	visits	with	their	prenatal	providers.	At	each	prenatal	visit,	nurses	weighed	
participants	and	the	recorded	weight	was	faxed	to	the	Blossom	Project	staff.	
Appropriate	weight	gain	was	calculated	based	on	pre-pregnancy	BMI	using	self-reported	
pre-pregnancy	weight	and	height	measured	by	researchers	at	the	enrollment	
appointment.	The	weight	from	each	prenatal	appointment	was	plotted	on	the	
appropriate	IOM	weight	gain	chart	(see	appendix	O)	and	emailed	to	the	participant.	
Weight	gained	was	calculated	using	self-reported	pre-pregnancy	weight.	The	
researchers	provided	no	additional	lifestyle	counseling	to	the	usual	care	participants.	
Intervention.	Participants	in	the	intervention	received	a	behavioral	lifestyle	
intervention	designed	to	increase	PA,	modify	carbohydrate	intake,	and	prevent	
excessive	gestational	weight	gain	(EGWG).		Immediately	post-randomization,	women	in	
this	group	were	instructed	on	how	to	use	the	Fitbit®	(Fitbit	Inc.,	San	Francisco,	CA)	
activity	monitor	and	log	food	on	the	Fitbit®	website.		
Participants	in	the	intervention	group	took	part	in	one-on-one	visits	with	a	
Registered	Dietitian	Nutritionist	(RDN)/Licensed	Dietitian	(LD)	from	no	later	than	week	
14	gestation	to	childbirth.	One-on-one	sessions	took	place	at	an	off	campus	research	
center	or	OBGYN	clinic	where	the	participant	received	their	routine	prenatal	care.	The	
RDN	met	with	intervention	participants	once	a	month,	with	a	minimum	of	six	face-to-
face	meetings	during	the	intervention	period.	Participants	were	weighed	at	each	face-
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to-face	session	by	the	RDN.	Weight	gain	was	plotted	on	an	IOM	weight	gain	chart	and	
feedback	on	weight	gain	was	provided.		
		 The	counseling	sessions	focused	on	appropriate	weight	gain	during	pregnancy	
through	the	use	of	an	individualized	meal	plan,	PA	goals,	and	behavioral	modification.	
Participants	were	able	to	view	steps	taken	per	day	and	log	food	intake	on	the	Fitbit®	
website.	Additionally,	participants	had	weekly	contact	with	the	RDN	by	email	to	discuss	
nutrition	and	PA	goals,	weight	gain,	and	address	any	questions	or	concerns.		
Dietary	intervention.	Dietary	intervention	began	at	randomization	to	the	
intervention	group	with	use	of	a	225-gram	carbohydrate	diet	emphasizing	a	lower	
percentage	of	total	calories	from	carbohydrates	to	achieve	appropriate	weight	gain.	
Based	on	a	2000-calorie	diet,	women	were	asked	to	consume	approximately	45%	
calories	from	carbohydrate,	25%	protein,	and	30%	fat	with	an	emphasis	on	whole	grains,	
lean	proteins,	and	mono-	and	polyunsaturated	fats.	A	meal	plan	was	developed	to	
outline	intake	throughout	the	day	(see	appendix	N).	Additional	documents	were	created	
and	provided	to	participants	to	encourage	use	and	compliance	of	the	meal	plan	
(appendix	N).	Participants	were	asked	to	keep	a	weekly	food	journal	on	the	Fitbit®	
website	to	be	reviewed	with	the	RDN.		
Physical	Activity	intervention.	Each	participant	in	the	intervention	group	was	
provided	with	a	Fitbit®	Flex	activity	monitor	to	encourage	adherence	with	the	PA	
recommendations,	≥10,000	steps	per	day.	Each	participant	was	provided	a	Fitbit®	
website	account	set	up	with	a	Blossom	Project	username	code	to	ensure	privacy	of	the	
participant’s	identity.	The	monitor	tracks	daily	steps	taken,	distance	traveled,	and	active	
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minutes.	Use	of	a	Fitbit®	product	included	access	to	the	product	website	that	allowed	
participants	to	log	activities.	The	first	three	weeks	of	the	program	allowed	for	a	gradual	
increase	in	walking	time	with	participants	increasing	step	counts	by	10%	each	week	
following	baseline	data	collection.		
Behavior-counseling	sessions.	Women	randomized	to	the	intervention	group	
participated	in	the	monthly	one-on-one	counseling	sessions	with	the	RDN/LD.	The	
counseling	sessions	were	used	to	promote	behavior	change	and	based	on	the	
theoretical	framework	of	self-determination	theory	(SDT)	and	Motivational	Interviewing	
(MI)	principles.	These	principles	were	used	to	highlight	the	importance	of	inner	
resources	for	personality	development	and	behavioral	self-regulation	in	a	supportive	
atmosphere.		SDT	identifies	three	needs	that	are	required	to	achieve	behavioral	growth:	
competence,	relatedness,	and	autonomy.27	MI	strategies	were	used	during	the	one-on-
one	visits	to	facilitate	behavior	change	and	goal	setting	with	participants.	MI	utilizes	a	
client-centered	counseling	style	to	elicit	behavior	change.28	
Dietary	intake	assessment.	A	weighed	three-day	diet	record	was	used	to	assess	
dietary	intake.	Participants	were	asked	to	weigh	their	food	on	two	weekdays	and	one	
weekend	day	using	a	food	scale	provided	by	the	research	team.	Nutritionist	Pro™	(Axxya	
Systems,	Stafford,	TX)	dietary	analysis	software	was	used	to	analyze	the	intake	data	(e.g.	
total	energy	intake,	macronutrients	[absolute	and	relative	amounts]).	The	average	
intake	of	total	fruit	(including	100%	juice),	whole	fruit,	vegetables,	greens	and	beans,	
whole	grains,	dairy,	protein	foods,	seafood	and	plant	proteins,	refined	grains,	ratio	of	
polyunsaturated	and	monounsaturated	to	saturated	fatty	acids,	sodium,	and	empty	
		
120	
calories	(calories	from	solid	fats,	alcoholic	beverages,	and	added	sugars)	were	used	to	
determine	diet	quality	using	the	Healthy	Eating	Index	(HEI)	2010.		
The	Healthy	Eating	Index	(HEI)	was	developed	as	a	way	to	assess	compliance	
with	the	Dietary	Guidelines	for	Americans	(DGA)29	and	has	been	shown	to	be	a	valid	and	
reliable	measure	of	diet	quality	for	all	segments	of	the	United	States	(U.S.)	population	
including	women	who	are	pregnant	or	lactating.30	The	HEI-2010	(HEI-2010)	reflects	the	
updated	Dietary	Guidelines	for	2010	to	evaluate	diet	quality	based	on	the	consumption	
of	the	12	different	food	categories	noted	previously.	Nine	categories	are	scored	based	
on	adequacy	of	intake	(total	fruit,	whole	fruit,	total	vegetables,	greens	and	beans,	whole	
grains,	dairy,	protein	foods,	seafood	and	plant	proteins,	and	fatty	acids)	and	three	
categories	are	scored	based	on	moderation	of	intake	(refined	grains,	sodium,	and	empty	
calories).	Each	component	has	a	maximum	of	5,	10,	or	20	points	with	a	maximum	total	
score	of	100	for	the	overall	index.	An	excel	spreadsheet	was	created	to	calculate	the	12	
component	scores	and	overall	HEI	score.	
Physical	Activity	assessment.	Prior	to	the	start	of	each	data	collection	visit,	all	
participants	were	instructed	how	to	wear	a	SenseWear®	Mini	armband	(SWA;	
SenseWear®	armband	by	BodyMedia,	Inc.,	Pittsburgh,	PA),	an	activity	monitor,	to	
objectively	record	quantitative	data	on	daily	PA	including	energy	expenditure	and	PA	
intensity.	Previous	research	has	shown	the	monitor	to	be	a	good	predictor	of	energy	
expenditure	compared	to	indirect	calorimetry	in	mid-pregnancy.31	The	monitor	requires	
direct	skin	contact	and	is	worn	on	the	posterior	upper	left	arm	over	the	triceps	muscle.			
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Participants	were	asked	to	wear	the	monitor	for	7-consecutive	days,	24-hours	
per	day	except	when	submerged	in	water	(e.g.,	swimming,	water	aerobics,	showering).	
Additionally,	women	were	asked	to	record	their	daily	PA	in	a	log	to	confirm	unusual	
activity,	document	aquatic	exercise,	and	sleep	time.	Six	participants	reported	swim	time	
during	at	least	one	of	the	data	collection	visits.	The	swim	time	was	accounted	for	during	
data	analysis	for	each	participant	based	on	the	intensity	of	the	activity	and	categorized	
with	a	corresponding	MET	value	from	the	2011	Compendium	of	Physical	Activity.32	
Participants	were	also	asked	and	instructed	on	how	to	wear	an	activPAL™	
activity	monitor	(AP;	PAL	Technologies	Ltd.,	Glasgow,	UK)	that	was	worn	on	the	upper	
leg	over	the	quadriceps	muscle	and	attached	to	the	leg	using	an	adhesive	pad.		
Information	gathered	from	this	monitor	was	used	to	assess	the	start	and	stop	time	
spent	sitting/lying,	standing,	and	stepping.	The	activPAL™	was	also	used	to	determine	
step	counts,	and	postural	transitions.		Previous	research	has	shown	the	monitor	to	
effectively	detect	change	in	posture	(sitting/lying,	standing/stepping),	time	spent	in	
different	positions	(upright,	sitting,	lying),	stepping	speed,	and	step	count.33-37	
Instructions	on	how	to	use	the	monitors	were	given	verbally	and	in	writing.	
Data	analysis.	Data	from	the	SWA	was	analyzed	for	each	participant’s	three	time	
points	(baseline	between	weeks	8-14,	between	weeks	26-28,	and	between	weeks	34-36	
of	gestation).	All	SWA	data	was	analyzed	in	minute-by-minute	increments	starting	at	
12:00	am	on	day	1	of	data	collection	and	ending	at	11:59	pm	on	day	7	of	data	collection.	
The	minute-by-minute	data	from	the	SWA	were	downloaded	into	the	manufacturer’s	
software	version	8.0	(algorithm	5.2h).	All	SWA	data	was	exported	into	Microsoft	Office	
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Excel	2007	(Microsoft,	Redmond,	WA,	USA).	An	excel	code	was	written	to	analyze	time	
spent	in	bouts	of	MVPA.	The	following	data	were	analyzed:	moderate	(3-5.9	METs)-
vigorous	(>	6.0	METs)	PA	minutes	sustained	for	at	least	10-minutes,	20-minutes,	and	30-
minutes.	MVPA	in	10-minute	bouts	was	defined	as	at	least	8	minutes	of	MVPA	within	
10-consecutive	minutes.38,	39	Twenty-	and	30-minute	bouts	were	defined	as	MVPA	for	at	
least	16	and	24	minutes	respectively,	with	only	2	minutes	below	the	moderate	intensity	
threshold	within	any	10-minute	period.		
Monitor	wear	time	was	assessed	using	the	SWA	records	that	detected	when	the	
monitor	is	not	worn	(e.g.,	off-body	time).	If	off-body	time	exceeded	more	than	500	
minutes	for	the	week,	the	files	were	further	evaluated	using	the	PA	record	to	determine	
what	activity	was	done	during	that	time.	Each	participant	was	allotted	at	least	90	
minutes	per	day	of	nonwear	time	to	account	for	self-care	(e.g.,	shower,	bath,	etc.).		
Data	from	the	AP	accelerometer	monitor	(software	7.1.18)	was	analyzed	at	all	
three	time	points	to	assess	postural	positioning	and	patterns	of	daily	activity	such	as	
standing,	stepping,	and	lying	down.	Activity	was	recorded	in	second-by-second,	15-
second	and	one-minute	epochs	starting	at	12:00	am	on	day	1	of	data	collection	and	
ending	at	11:59	pm	on	day	7	of	data	collection.	Recorded	data	was	exported	to	an	excel	
file	using	an	excel	code	written	to	analyze	steps	per	day.	An	in-house	software	was	used	
to	parse	the	data	into	time	spent	sitting,	standing,	and	stepping	and	analyze	sedentary	
time.	Sedentary	time	was	only	assessed	during	waking	hours.	In	order	to	assess	
sedentary	time	during	waking	hours,	physical	activity	logs	and	SWA	files	were	used	to	
confirm	valid	awake	ranges	for	each	participant	at	all	data	collection	periods.	Based	on	
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standards	in	the	field,	a	valid	day	is	defined	as	10	or	more	hours	of	monitor	wear	during	
waking	hours.38	Using	the	output	from	the	processing	script,	an	excel	file	was	used	to	
determine	average	minutes	per	day	spent	sedentary,	standing	and	stepping	in	
increments	of	0-10,	10-20,	20-30,	30-40,	40-50	and	60+	minutes.	
Lifestyle	score.	Several	maternal	lifestyle	behaviors	during	pregnancy	have	been	
associated	with	maternal	and	fetal	health	outcomes.	Lifestyle	behaviors,	specifically	diet	
and	exercise,	are	important	factors	in	maternal	health	during	pregnancy,	fetal	
outcomes,	and	health	in	the	postpartum	period.	In	order	to	assess	a	number	of	diet	and	
PA	variables	and	avoid	potential	statistical	error	related	to	multiple	testing.	The	research	
staff	developed	a	lifestyle	score	that	encompasses	four	diet	and	four	PA	variables	that	
influence	maternal	and	fetal	health	during	pregnancy.	Each	of	the	8	components	was	
worth	a	maximum	of	10	points	with	a	combined	maximum	score	of	80	points	for	the	
total	Lifestyle	Score	(LS).	The	following	are	the	components	of	the	LS:	
Physical	activity	components	
Average	sedentary	time	duration	in	bouts	of	60	minutes	or	more.	In	a	cross-
sectional	observational	study,	increased	number	of	breaks	from	sedentary	time	was	
associated	with	significantly	lower	waist	circumference,	BMI,	triglycerides,	and	2-	hour	
glucose	levels	independent	of	total	sedentary	time.40	In	pregnancy,	increasing	sedentary	
time	is	positively	associated	with	LDL	cholesterol,	glucose	levels,	and	C-reactive	protein	
(CRP).41	Furthermore,	more	time	spent	in	total	daily	PA	is	associated	with	the	
prevention	of	EGWG.42	Based	on	recently	collected	data,	a	positive	association	was	
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observed	between	glucose	intolerance	and	prolonged,	uninterrupted	sedentary	time	in	
bouts	of	60	minutes	or	more.43		
A	maximum	score	of	10	was	given	to	participants	whose	average	sedentary	time	
in	bouts	of	60	minutes	or	more	was	≤150.9	minutes	and	minimum	score	of	0	was	given	
to	participants	with	≥333	minutes.	This	number	was	determined	using	the	regression	
analysis	to	find	the	mean	average	duration	of	sedentary	time	in	bouts	of	60	minutes	or	
more	associated	with	irregular	fasting	glucose	values.43	Sedentary	time	was	derived	
from	the	AP	monitor	and	actiparse.rb	processing.		
Step	Count.	Step	count	is	a	factor	dependent	on	walking,	an	accessible	and	
achievable	form	of	exercise	to	increase	PA	during	pregnancy.44	The	women	randomized	
to	the	intervention	group	were	asked	to	work	up	to	a	goal	of	an	average	of	10,000	steps	
per	day	each	week.	Previous	research	found	that	sedentary	women	(defined	as	<5,000	
steps	per	day)	had	higher	odds	ratio	of	increased	GWG	compared	to	low	active	(5000	to	
7500	daily	steps),	somewhat	active	(7500	to	1000	daily	steps),	active	(≥	10000	steps	
daily)	in	2nd	and	3rd	trimester.45	The	Active	group	had	1.1	kg	(p		=	0.04)	and	1.4	kg	(p		=	
0.02)	less	GWG,	than	the	sedentary	group	in	the	2nd	and	3rd	trimester,	respectively.	In	
the	last	two	trimesters,	the	active	group	had	1.1	kg	(p		=	0.06)	less	GWG,	than	the	
sedentary	group.		
The	maximum	score	of	10	was	given	to	women	who	achieved	an	average	of	
≥10,000	steps	per	day	and	a	minimum	score	of	0	was	given	to	women	with	an	average	
≤4,000	steps	per	day.	Average	steps	per	day	were	calculated	using	data	from	the	AP	
monitor.	
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MVPA	in	20-minute	bouts	or	more.	In	2002,	the	American	Congress	of	
Obstetricians	and	Gynecologists	(ACOG)	encouraged	moderate	exercise	for	30	minutes	a	
day	on	most,	if	not	all,	days	of	the	week	for	all	women	with	a	healthy	pregnancy.46	As	of	
2015,	ACOG	re-affirmed	these	guidelines	in	a	new	publication	recommending	that	
pregnant	women	participate	in	an	exercise	program	with	the	goal	of	achieving	20-30	
minutes	of	moderate-intensity	activity	on	most,	if	not	all	days	of	the	week.14	In	the	2008	
U.S	Department	of	Health	and	Human	Services	Physical	Activity	Guidelines	for	
Americans,	specific	recommendations	were	set	for	healthy	pregnant	and	postpartum	
women.	The	2008	Physical	Activity	Guidelines	for	Americans	recommend	at	least	150	
minutes	of	moderate-intensity	aerobic	activity	spread	throughout	the	week,	the	same	
guidelines	for	PA	in	the	non-pregnant,	healthy	adult	U.S.	population.15	
Using	previously	described	data	processing	methods,	data	from	the	SWA	
monitors	was	used	to	find	MVPA	in	bouts	of	20	minutes	or	more.	Women	received	a	
maximum	of	10	points	for	≥150	minutes	of	MVPA	in	20-minute	bouts	of	more	per	week	
and	a	minimum	score	of	0	for	no	time	spent	in	MVPA	per	week.		
Total	Metabolic	Equivalent	of	Task	(MET)	minutes	per	day.	Previous	multiple	
regression	analysis	of	total	daily	MET-minutes	was	used	to	explain	potential	predictors	
of	GWG.	This	analysis	found	that	total	MET-minutes	per	day	was	a	significant	predictor	
of	GWG	at	week	18	of	gestation	(p	=	0.038)	and	week	35	of	gestation	(p	=	0.038).47	Data	
from	this	analysis	was	used	to	stratify	total	MET-minutes	per	day	at	week	18	and	week	
34	and	determine	the	mean	MET-minutes	in	women	who	met	the	2009	IOM	GWG	
recommendations	and	the	women	who	exceeded	the	recommendations.	Based	on	this	
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data,	women	who	had	an	average	total	of	≥1,965	minutes	or	more	MET-minute	per	day	
at	baseline	and	week	26-28	gestation	were	given	the	maximum	10	points.	Women	who	
had	an	average	total	MET-minute	per	day	of	≥1,807	minutes	or	more	at	week	34-36	of	
data	collection	were	given	a	maximum	of	10	points.		
Dietary	components	
Percent	of	total	calories	from	carbohydrates.	The	meal	plan	component	of	this	
intervention	was	designed	to	provide	45%	of	total	calories	from	carbohydrates.	The	
meal	plan	was	based	on	findings	from	a	previous	GWG	intervention	that	found	women	
gained	significantly	less	weight	when	following	a	similar	carbohydrate	specific	diet.48	
Furthermore,	data	from	an	unpublished	prospective,	longitudinal	study	during	the	2nd	
and	3rd	trimester	of	pregnancy	showed	that	there	was	a	positive	correlation	between	
carbohydrate	intake	and	GWG	at	week	35	(p=0.098).47	The	10	point	score	was	given	
based	on	percent	of	total	calories	from	carbohydrates.	If	women	were	within	a	range	of	
42.5%	to	47.5%	of	total	calories	from	carbohydrates	they	were	given	the	full	ten	points.	
Minimum	scores	were	given	if	women	ate	≥60%	or	≤30%	of	total	calories	from	
carbohydrates.		
Percent	of	total	calories	from	protein.	Protein	requirements	increase	during	
pregnancy	to	support	expansion	of	blood	volume,	uterus,	and	fetal	and	placental	
protein	accretion.49	The	additional	protein	requirements	for	pregnancy	are	based	on	the	
amount	of	protein	present	in	the	fetus,	placenta,	and	maternal	tissues,	with	a	calculated	
925	grams	of	protein	deposited	during	pregnancy	including	12.5	kg	of	maternal	weight	
gain	and	an	infant	weighing	3.3	kg	at	term.	To	ensure	protein	needs	are	met	during	
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pregnancy,	the	current	recommended	dietary	allowance	(RDA)	is	1.1	grams	of	protein	
per	1	kg	of	body	weight	per	day	or	an	additional	25	grams	of	protein	per	day.50	The	
current	acceptable	macronutrient	distribution	range	(AMDR)	for	pregnant	women	is	10-
35%	of	total	calories	from	protein.	A	maximum	score	of	10	points	for	protein	was	given	
to	those	within	the	AMDR	range.		
Healthy	Eating	Index.	As	noted	previously,	HEI	is	a	tool	used	to	assess	diet	quality	
based	on	compliance	with	the	Dietary	Guidelines	for	Americans.	A	higher	score	on	the	
HEI	is	an	indicator	of	good	diet	quality.	Improved	diet	quality	and	higher	intake	of	
specific	components	within	HEI	have	previously	been	associated	with	improved	
maternal	health.51-53	The	maximum	10	points	for	HEI	was	given	to	women	with	a	total	
HEI-2010	score	of	100.	HEI	score	is	typically	out	of	100	but	20	points	was	subtracted	
from	the	LS	HEI	to	account	for	the	20	points	awarded	for	the	empty	calorie	component.					
Empty	Calories	Empty	calorie	points	are	derived	from	the	HEI-2010	and	are	one	
of	the	12	components	of	the	HEI	score.30	The	highest	possible	point	value	given	for	
empty	calories	within	the	HEI	is	20.	The	empty	calorie	component	includes	the	following	
dietary	components:	added	sugars,	solid	fats,	and	alcohol.	This	component	was	included	
with	the	overall	LS	based	on	the	evidence	demonstrating	a	relationship	between	the	
foods	that	contribute	to	the	empty	calorie	score	and	EGWG.	In	early	pregnancy,	diets	
high	in	sweets	have	a	positive	relationship	with	EGWG	(OR	=	2.52,	95%	CI	=	1.10-5.77,	
p=0.029).51	Furthermore,	intake	of	added	sugar	was	positively	associated	with	GWG	
(+2.8	kg,	95%	CI	0.8-4.9,	p=	0.02)	and	sweets,	snacks,	cakes	and	ice	cream,	all	dietary	
items	high	in	added	sugars,	are	predictors	of	GWG	(RR	=	1.84,	95%	CI	1.14-2.96,	
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p<0.0006).54	A	maximum	of	10	points	was	given	to	women	with	an	HEI	empty	calories	
score	of	20	and	a	minimum	score	of	0	was	given	to	women	with	an	HEI	empty	calories	
score	of	0.			
Statistical	analyses	
Data	is	reported	as	mean	±	standard	deviation	(SD).	Repeated-measures	ANOVA	
assessed	the	effects	of	treatment	group	on	the	change	in	the	overall	LS	across	
pregnancy.	Mixed	model	repeated	measures	analyzed	the	sum	score	of	both	the	diet	
and	PA	components	individually.	When	the	treatment	x	time	interaction	was	significant,	
post	hoc	tests	assessed	the	effect	of	treatment	group	at	each	point	in	time.	Effect	sizes,	
as	measured	with	Cohen’s	d,	were	used	to	quantify	the	magnitude	of	diet,	PA,	and	total	
LS	changes	between	groups	at	baseline,	week	26-28,	and	week	34-36	of	gestation.	A	d	=	
0.2	is	considered	a	'small'	effect	size,	d	=	0.5	represents	a	'medium'	effect	size	and	d	=	
0.8	a	'large'	effect	size.55	To	assess	whether	there	was	an	effect	of	treatment	across	BMI	
category,	interaction	between	treatment	group,	time	and	BMI	category	was	explored	in	
relation	to	total	LS,	PA	LS,	and	diet	LS.		
Evaluation	of	predictors	of	GWG	was	done	using	stepwise	and	multiple	
regressions.	Group	was	included	in	the	models	to	explore	if	group	allocation	explained	
any	variation	in	GWG.	Statistical	analyses	were	conducted	in	JMP	Pro	13.1.0	(SAS	
Institute	Inc.,	Cary,	NC).		
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Results	
	 Descriptive	characteristics.	There	were	no	differences	between	groups	in	
demographic	characteristics	(Table	1).	The	majority	of	participants	were	married	
(97.9%),	White	(82.9%),	and	had	at	least	a	4-year	post-secondary	degree	(89.3%)	
Lifestyle	score	Total	LS,	diet	and	PA	LS	comparisons	and	effect	sizes	are	reported	
in	Table	2.	For	total	LS,	there	was	a	significant	interaction	between	group	and	time	(F	=	
6.4,	p	=	0.0024)	and	a	significant	main	effect	of	time	(F	=	6.9,	p	=	0.0015).	Women	in	the	
intervention	group	had	a	significant	increase	in	total	LS	from	baseline	to	week	26-28	
gestation	(51.6	±	8.3	baseline	LS	versus	60.1	±	10.9	week	26-28	LS,	p<0.0001)	and	had	
significantly	higher	LS	at	week	26-28	of	gestation	(53.6	±	9.5	LS	usual	care	versus	60.1	±	
10.9	LS	intervention,	p	=	0.0164).	No	significant	difference	was	found	between	groups	at	
week	34-36	of	gestation.			
There	was	no	evidence	of	interaction	between	treatment	group,	BMI	category,	
and	time	however	there	was	a	main	effect	of	BMI	category	(F	=	6.6,	p	=	0.0033).	Post	
hoc	all-pair	comparisons	found	that	women	categorized	as	normal	weight	and	
overweight	had	significantly	higher	total	LS	compared	to	obese	women	(56.8	±	9.2	LS	
normal	weight	and	55.5	±	7.5	LS	overweight	women	versus	46.1	±	9.6	LS	obese	women,	
p<0.001	and	p	=	0.005,	respectively).	The	intervention	had	a	large	and	significant	effect	
on	total	LS	in	mid-pregnancy.	A	significant	effect	was	not	observed	in	late-pregnancy	
(see	Table	2).		
	 Diet	scores.	There	were	no	significant	differences	between	groups	for	the	sum	of	
dietary	components.	There	was	a	significant	main	effect	of	time	for	diet	LS	(F	=	4.5,	p	=	
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0.0128).	Regardless	of	group,	there	was	a	significant	increase	in	LS	diet	score	from	
baseline	to	week	26-28	gestation	(26.6	±	5.1	baseline	versus	28.7	±	5.4	week	26-28,	p	=	
0.0167).	There	was	no	main	effect	of	or	interaction	between	treatment	group,	BMI	
category,	and	time	for	diet	LS.	The	intervention	had	a	small	effect	on	diet	LS	in	mid-
pregnancy	and	a	non-significant	small	effect	in	late-pregnancy	(see	Table	2).		
PA	scores.	There	was	a	significant	interaction	of	group	and	time	(F	=	6.67,	p	=	
0.002)	and	a	moderately	significant	main	effect	of	time	(F	=	3.16,	p	=	0.0471)	for	the	
sum	of	PA	components.	The	intervention	group	had	a	significantly	higher	sum	PA	score	
of	30.8	±	6.6	compared	to	the	usual	group	score	of	25.8	±	7.0	(p	=	0.007).	A	significant	
increase	in	sum	PA	score	was	observed	in	women	in	the	intervention	group	from	
baseline	to	mid-pregnancy	(25.0	±	7.6	baseline	PA	score	versus	30.8	±	6.6	week	26-28	PA	
score,	p	=	0.0246).	There	was	a	large	significant	effect	of	intervention	on	PA	score	in	
mid-pregnancy	(see	Table	2).		
	 There	was	a	statistically	significant	main	effect	of	time	BMI	category	(F	=	4.9,	p	=	
0.0118)	but	no	interaction	between	treatment	group,	time,	and	BMI	category	for	PA	LS.	
Women	in	the	obese	category	had	a	significantly	lower	PA	LS	compared	to	normal	
weight	women	(28.4	±	7.5	normal	weight	versus	20.9	±	6.6	obese	women,	p	=	0.0084).	
There	was	no	significant	difference	in	PA	LS	between	women	categorized	as	overweight	
(27.0	±	6.1	LS	score)	and	women	in	the	normal	(p	=	0.55)	and	obese	BMI	categories	of	
women	(p	=	0.07).	
	 Predictors	of	GWG.	After	forcing	group	randomization	into	the	stepwise	
regression	model	(p	=	0.54),	significant	predictors	of	percentage	of	2009	IOM	GWG	at	
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weeks	34-36	were	GWG	at	weeks	26-28	(p<0.0001),	pre-pregnancy	BMI	(p<0.0001),	
empty	calorie	score	at	week	34-36	(p	=	0.003)	and	step	score	at	weeks	34-36	(p	=	0.005).	
When	all	LS	constructs	were	entered	together	into	a	standard	multiple	regression	and	
accounted	for	86%	of	the	variation	(F	=	46.12,	p<	0.0001).		
Discussion	
	 Results	from	this	study	demonstrate	that	a	multi-component,	theory-based	
lifestyle	intervention	significantly	increases	healthy	lifestyle	factors,	including	PA	and	
dietary	behaviors	in	previously	sedentary	pregnant	women.	The	finding	that	a	lifestyle	
intervention	was	effective	at	improving	overall	lifestyle	factors	is	important	to	better	
understanding	how	to	prevent	inappropriate	GWG.		
To	our	knowledge,	this	is	the	first	study	to	use	a	pregnancy	lifestyle	score	to	
assess	the	effects	of	a	pregnancy	intervention	developed	to	modify	diet	intake	and	PA	to	
promote	maternal	health	during	and	after	pregnancy.	This	novel	approach	to	analyzing	
diet	and	PA	variables	with	a	composite	measure	allowed	us	to	examine	the	cumulative	
effect	of	lifestyle	on	maternal	health	during	pregnancy	in	response	to	a	multi-
component	theory-based	intervention.		
The	improvement	in	PA	behavior	between	groups	and	over	time	in	the	
intervention	group	is	meaningful	especially	for	a	group	of	previously	inactive	pregnant	
women.	An	improvement	in	PA	LS	demonstrates	the	potential	to	affect	not	only	one	
specific	PA	variable	(e.g.,	intentional	exercise),	but	the	multiple	factors	that	impact	a	
healthy	PA	pattern	(e.g.,	sedentary	behaviors).		
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Many	pregnancy	intervention	studies	have	targeted	modification	of	PA	through	
increasing	intentional	exercise56,	as	is	recommended	by	ACOG14	and	the	Physical	Activity	
Guidelines	for	Americans.15	It	has	only	been	in	the	last	decade	that	research	has	
increasingly	focused	on	the	effect	of	intentional	activity	as	well	as	sedentary	
behaviors.57	Unlike	exercise,	there	are	no	specific	recommendations	for	SB	or	the	
amount	of	time	spent	sedentary.	It	is	only	in	the	latest	publication	of	the	American	
Diabetes	Association	(ADA)	2017	Standards	of	Care,	that	sedentary	behaviors	were	
addressed	with	the	new	recommendation	that	all	individuals,	including	those	with	
diabetes,	should	interrupt	prolonged	sitting	every	30	minutes	by	standing,	walking	or	
participating	in	some	light	activities.	58	Sedentary	time	(ST),	or	the	time	spent	in	
sedentary	behaviors,	is	associated	with	poor	pregnancy	outcomes	including	increased	
risk	of	gestational	Diabetes	Mellitus	(GDM)59,	elevated	LDL	cholesterol,	and	C-reactive	
protein.41		
Intervening	to	encourage	women	to	move	more	and	sit	less	is	a	strategy	not	
currently	used	in	any	known	GWG	intervention.	However,	knowing	that	lack	of	time,	
childcare,	and	energy	are	often	cited	as	barriers	to	PA	during	pregnancy60	and	the	
increasing	need	to	ask	women	to	spend	less	time	sedentary,	highlights	the	need	to	find	
an	approach	that	will	encourage	women	to	participate	in	more	intentional	PA	and	spend	
less	time	sedentary.	The	use	of	non-specific	exercise	goals	but	rather,	step	goals,	in	the	
current	intervention,	was	meant	to	encourage	women	to	not	only	move	more	than	they	
had	previously,	but	move	more	often.		
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The	findings	that	LS	differ	significantly	across	BMI	category,	regardless	of	time	or	
treatment	group	is	meaningful	for	the	future	care	of	pregnant	women.	It	is	interesting	
to	note	that	there	was	no	significant	difference	in	diet	LS	between	women	categorized	
as	normal,	overweight,	or	obese	in	either	group.	The	results	were	surprising	considering	
the	negative	association	between	diet	quality	and	increasing	BMI.	A	cross-sectional	
study	used	HEI	to	assess	the	relationship	between	diet	quality	and	pre-gravid	and	gravid	
weight	status	and	found	that	women	categorized	as	overweight	or	obese	have	
significantly	poorer	diet	quality	compared	with	women	of	normal	BMI.	53	HEI	score	is	
also	negatively	correlated	with	pre-pregnancy	BMI	status.	Moran	et	al.20	reported	
similar	findings	demonstrating	that	over	pregnancy	there	is	a	decrease	in	HEI-2005	in	
overweight	and	obese	women	that	persists	into	the	post-partum	period.61	Despite	what	
has	previously	been	shown,	we	found	that	the	dietary	composite	score,	diet	LS,	was	not	
significantly	different	between	BMI	categories.		
The	lack	of	intervention	effect	on	diet	LS	alone,	regardless	of	BMI,	might	be	
explained	by	the	lack	of	concrete	evidence	to	show	what	specific	dietary	factors	
influence	overall	health	and	weight	gain	during	pregnancy.	Although	research	supports	
the	benefit	of	reduced	carbohydrate	intake	during	pregnancy	in	relation	to	pregnancy	
outcomes48,	there	is	a	need	for	additional	high	quality	pregnancy	dietary	assessment	
research	that	properly	identifies	strong	predictors	of	GWG.	In	the	present	study,	only	
empty	calorie	intake	in	late-pregnancy	was	a	significant	predictor	of	percentage	of	IOM	
GWG	at	weeks	34-36	of	gestation.	However,	the	large	intervention	effect	on	the	total	LS	
speaks	to	the	benefit	of	using	combined	lifestyle	score	that	takes	both	diet	and	PA	into	
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account.	As	previously	stated,	the	combination	of	diet	and	exercise	interventions	in	
GWG	interventions	is	more	proven	to	be	more	effective	than	the	isolated	use	of	just	one	
component.62		
	 The	combined	design	of	the	current	study,	in	addition	to	the	individual	
counseling	component,	provide	important	implications	for	clinical	obstetric	care.	The	
importance	of	a	combined	approach	has	already	been	established	in	GWG	intervention	
research.	A	2017	individual	participant	data	meta-analysis	that	included	data	from	more	
than	12,000	women	showed	that	dietary,	PA,	or	a	combination	of	the	two	was	
associated	with	lower	GWG	when	compared	to	standard	care.63	Although	it	is	known	
that	a	combined	approach	has	a	positive	effect,	the	researchers	encourage	the	further	
evaluation	of	individual	components	of	the	intervention	to	determine	specific,	detailed	
clinical	recommendations	and	care.	Based	on	our	findings,	additional	efforts	should	
focus	on	identifying	what	components	of	the	dietary	intervention	impacted	pregnancy	
outcomes.		
Strengths	to	this	study	include	the	analysis	of	multiple	aspects	of	healthy	
maternal	lifestyle	during	pregnancy	including	PA,	SB,	and	dietary	behaviors	that	have	
shown	to	affect	GWG.		Additional	strengths	include:	use	of	a	randomized	controlled	trial	
design,	objective	measures	of	PA	and	diet	data,	and	recruitment	of	low-active	or	
sedentary	women.	By	enrolling	women	who	were	sedentary	prior	to	pregnancy	
minimized	the	variability	within	the	control	group	allowing	us	to	control	for	pre-
pregnancy	PA	levels	assuming	a	low	likelihood	that	these	participants	would	increase	
their	activity	level	on	their	own	without	an	intervention.		
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This	study	was	powered	to	detect	a	difference	in	appropriate	gestational	weight	
gain	and	was	not	powered	to	find	results	specific	to	changes	in	physical	activity	and	diet	
variables.	Another	limitation	of	the	study	was	lack	of	demographic	diversity.	The	
majority	of	participants	were	Caucasian,	highly	educated,	and	married.		
Conclusion	
In	conclusion,	the	use	of	a	multi-component	lifestyle	intervention	significantly	
improved	healthy	lifestyle	factors	in	previously	sedentary	pregnant	women.	
Additionally,	improvements	in	the	PA	LS	provide	important	evidence	to	suggest	that	
targeting	overall	activity,	as	opposed	to	increases	in	intentional	exercise,	is	beneficial	to	
multiple	components	of	PA	that	influence	overall	maternal	health.	Future	research	
aiming	to	address	positive	behavior,	specifically	healthy	dietary	components,	may	want	
to	consider	additional	factors	in	the	analysis	of	overall	quality.	Regardless,	a	multi-
component	intervention	is	an	effective	tool	to	improve	overall	healthy	lifestyle	
behaviors	during	pregnancy.		
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TABLES	
	
Table	1.	Demographic	characteristics	of	participants	at	baseline1	
Characteristic	
All	
n	=	48	
Usual	Care	
n	=	25	
Intervention	
n	=	23	
P	-	value	
Age	(years)	 31.4	±	4.1	 31.2	±	3.6	 31.6	±	4.6	 0.32	
Pre-pregnancy	BMI	(kgm2)	 25.0	±	4.5	 24.3	±	4.1	 25.7	±	5.0	 0.26	
No.	of	pregnancies	(including	current		 2.3	±	1.4	 2.6	±	1.5	 1.9	±	1.3	 0.07	
Parity	 1.0	±	1.0	 1.0	±	0.9	 1.0		±	1.1	 0.78	
1Values	are	reported	as	means	±	SD.	
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Table	2:	Comparison	and	effect	sizes	for	total,	diet,	and	physical	activity	Lifestyle	Scores	between	
treatment	group	and	across	pregnancya	
	
aValues	are	mean	±	SD.		
bMixed	model	repeated	measures	analysis	including	treatment,	time,	and	treatment	x	time.	P-
value	reported	for	time	x	treatment	interaction.	
cEffect	size	calculated	with	Cohen’s	d	with	associated	p-value	and	95%	CI.		
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Values	are	presented	as	mean	±	SD,	P-values	and	R2	values	are	cumulative	and	include	
outcomes	previously	listed	in	the	model.	P	<	0.1	was	used	as	the	inclusion	criterion	for	
stepwise	regression.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Table	3.	Multiple	regression	lifestyle	score	predictors	of	gestational	weight	gain		
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CHAPTER	5.	EFFICACY	OF	A	THEORY-BASED	INTERVENTION	TO	MODIFY	PSYCHOSOCIAL	
VARIABLES	RELATED	TO	HEALTHY	BEHAVIOR	CHANGE	DURING	PREGNANCY	
A	paper	to	be	submitted	to	the	journal	of	the	International	Society	of	Behavioral	
Nutrition	and	Physical	Activity	
Lyndi	M	Buckingham-Schutt,	Spyridoula	Vazou,	Laura	D	Ellingson	Christina	G	Campbell	
	
Abstract:	
Objective:	Behavior	change	interventions	may	explain	the	underlying	
mechanisms	that	influence	the	adoption	of	healthy	behaviors	to	promote	appropriate	
weight	gain	during	pregnancy.	Therefore,	the	primary	goal	of	this	study	was	to	analyze	
the	impact	of	an	intervention	based	on	self-determination	theory	(SDT)	and	
motivational	interviewing	(MI)	on	psychosocial	mediators,	healthy	behaviors	(i.e.,	
physical	activity	[PA]	and	diet),	and	gestational	weight	gain	(GWG).	Methods:	Forty-
eight	previously	inactive	pregnant	women	completed	a	randomized-controlled	theory-
based	GWG	intervention.	Women	were	randomized	to	usual	care	(n=25)	or	intervention	
(n=23)	in	early	pregnancy	(week	8-14	gestation).	Usual	care	participants	were	asked	to	
continue	their	standard	prenatal	care	and	routine	while	women	in	the	intervention	
group	participated	in	monthly	one-on-one	counseling	sessions	with	a	Registered	
Dietitian	Nutritionist	(RDN)	trained	in	MI.	The	intervention	group	was	encouraged	to	
increase	daily	activity	(≥10000	steps	per	day)	and	follow	an	individualized	diet	plan	
designed	to	help	achieve	adequate	GWG.	Psychosocial	mediators,	weighed	diet	records,	
and	objective	PA	were	measured	at	three	points	throughout	pregnancy	with	follow-up	
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at	two-months	postpartum.	Results:	Intervention	participants	reported	higher	levels	of	
perceived	competence	for	diet	in	mid-pregnancy	(p<0.01),	and	exercise	in	mid-	(p<0.01)	
and	late-pregnancy	(p<0.001)	compared	to	usual	care.	Self-efficacy	for	diet	improved	
from	baseline	to	late	pregnancy	(p<0.01)	in	the	intervention	group.	Additionally,	self-
efficacy	for	exercise	increased	in	the	intervention	group	from	baseline	to	mid-pregnancy	
(p<0.01).	Only	barriers	to	exercise	and	perceived	competence	for	diet	in	late	pregnancy	
were	significant	predictors	of	total	GWG	(p<0.05).	Conclusion:	In	conclusion,	the	
behavior-theory	based	GWG	intervention	using	a	randomized	controlled	design	
positively	changed	mediators	of	behavior	in	the	intervention	group.	
Introduction	
Sustainable	long-term	health	requires	the	implementation	of	strategies	to	
change	lifestyle	behaviors	that	in	turn	lead	to	prevention	of	chronic	disease.	Lifestyle	
interventions	rooted	in	theory-based	approaches	are	key	to	ensuring	these	behaviors	
are	adopted	and	sustained.	These	approaches	are	thought	to	be	more	effective	than	
non	theory-based	strategies	for	changing	behavior	during	an	important	transitional	
period	in	women’s	life,	pregnancy.1		
There	is	clear	evidence	to	demonstrate	that	maintaining	or	participating	in	
regular	physical	activity	(PA)	and	eating	a	healthy	diet	during	pregnancy	is	beneficial.	
Maintaining	or	adopting	the	recommended	exercise	intensity	and	duration	during	
pregnancy	reduces	the	risk	of	gestational	diabetes	and	pre-eclampsia,	and	positively	
effects	mental-health.2,	3	Furthermore,	interventions	aimed	at	limiting	excessive	
gestational	weight	gain	(EGWG)	are	known	to	be	most	effective	if	dietary	behaviors	are	
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targeted	as	part	of	the	intervention.4	Unfortunately,	many	women	are	not	adhering	to	
healthy	behavior	recommendations	or	making	healthy	lifestyle	choices	during	
pregnancy.5		
The	impact	of	unhealthy	behaviors	during	pregnancy	is	clearly	demonstrated	by	
the	impact	of	unhealthy	behaviors	on	increased	incidence	of	chronic	diseases	such	as	
obesity,	cardiovascular	disease,	and	type	2	Diabetes	Mellitus	in	the	United	States	
today.6-10	Pregnancy	is	a	powerful	time	to	influence	behavior	because	that	behavior	not	
only	impacts	the	well	being	of	the	mother,	but	also	that	of	the	fetus.1	Specifically,	EGWG	
plays	a	crucial	role	in	future	generations	risk	of	chronic	disease	and	obesity.	Women	
who	gain	in	excess	during	pregnancy	have	children	that	are	30-45%	more	likely	to	be	
obese.11,	12			
Theoretical	frameworks	are	important	to	include	in	gestational	weight	gain	
(GWG)	interventions	because	they	can	inform	and	may	explain	the	underlying	
mechanisms	that	influence	behavior	change	and	maintenance.	Understanding	the	basic	
factors	that	lead	to	change	helps	interventions	target	the	intervening	variables	and	
better	understand	the	path	necessary	for	change	to	occur.	Furthermore,	the	most	
effective	interventions	at	limiting	EGWG	are	those	that	include	behavior	change	
strategies	or	are	designed	with	a	theory	in	mind.13,	14	
Previous	GWG	intervention	studies	have	been	informed	by	or	grounded	in	
theories	and	approaches	such	as	social	cognitive	theory,	theory	of	planned	behavior,	the	
health	belief	model,	motivational	interviewing	(MI)	and	the	transtheoretial	model.15-19	
None	to	date	have	significantly	prevented	women	from	gaining	in	excess	of	the	2009	
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IOM	weight	gain	guidelines,	however	studies	have	demonstrated	the	ability	to	influence	
behavior	change	(e.g.,	PA).20	No	GWG	intervention	study	has	yet	to	examine	the	
influence	of	an	intervention	grounded	in	self-determination	theory	(SDT).		
An	intervention	based	on	the	principles	of	SDT	has	the	potential	to	address	
specific	constructs	that	other	behavior-theories	have	not	used	to	predict	behavior	
change,	specifically	type	of	motivation,	both	in	quantity	and	quality.	SDT	is	based	on	
human	motivation.21	SDT	posits	that	behavior	can	be	determined	by	motivation	and	the	
type	of	motivation	is	determined	by	a	persons	values,	beliefs,	and	personal	
development.	According	to	SDT,	the	extent	to	which	a	person	is	motivated	to	perform	a	
certain	behavior	depends	on	the	degree	to	which	they	internalize	and	integrate	the	
behavior	with	one	self.22	More	autonomous	motivation,	also	known	as	intrinsic	
motivation,	is	characterized	by	a	greater	integration	of	the	behavior	to	one	self	
(participating	in	the	behavior	for	enjoyment	or	satisfaction).	On	the	other	end	of	the	
spectrum	there	is	controlled	motivation,	also	defined	as	amotivation	or	extrinsic	
motivation,	in	which	a	behavior	is	done	because	of	external	pressure	(acting	to	avoid	
punishment	or	receive	a	reward).		
Along	this	continuum	of	motivation	lies	various	levels	of	motivation,	ranging	
from	more	autonomous	motivation	to	more	controlled	motivation.	Both	autonomous	
and	controlled	motivations	are	hypothesized	to	direct	behavior,	although	it	is	
autonomous	motivation	that	leads	to	greater	commitment	and	long-term	
maintenance.21,	23	SDT	identifies	three	basic	psychological	needs	that	are	necessary	for	a	
person	to	move	from	a	less	controlled	to	more	autonomous	sense	of	motivation:	
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autonomy	(feeling	choice	to	engage	in	a	behavior),	competence	(the	need	to	feel	
competent	and	confident),	and	relatedness	(feeling	understood	by	and	connected	to	
others).21,	24,	25		
Motivational	interviewing	(MI)	is	a	counseling	approach	that	compliments	the	
concept	and	constructs	of	SDT.	MI	is	defined	as	“a	collaborative	conversation	style	for	
strengthening	a	person’s	own	motivation	and	commitment	to	change.”26	The	use	of	MI	
techniques	facilitates	more	autonomous	actions	through	change	in	the	SDT	mediators	of	
autonomous	self-regulation	and	perceived	competence.	MI	focuses	on	helping	to	elicit	
behavior	change	by	guiding	a	person	to	self-identify	why	they	want	to	change	and	then	
allowing	them	to	direct	how	they	can	make	that	change.	
SDT	and	MI	interventions,	alone	and	together,	have	been	effective	at	improving	
health-related	behavior	outcomes	such	as	increased	PA,	weight	loss,	and	self-regulation	
in	non-pregnant	populations.27-30	It	is	our	hypothesis	that	the	implementation	of	an	
intervention	based	on	the	principles	of	SDT	and	MI	in	a	group	of	previously	sedentary	
pregnant	women	will	positively	change	psychosocial	mediating	variables	(i.e.,	perceived	
competence	and	self-efficacy)	that	support	positive	behavior	change	(i.e.,	PA	and	diet	
quality).	The	purpose	of	this	study	was	to	explore	the	influence	of	a	SDT	and	MI	
intervention	on	mediators	of	behavior	change	and	the	relationship	between	behavior	
change	mediators	and	the	primary	outcome	of	the	intervention,	GWG.		
Methods	
Study	design.	“Be-Well”	(the	Behavioral	Wellness	in	pregnancy	study)	was	a	
randomized	controlled	trial,	consisting	of	a	comprehensive	theory-based	intervention	to	
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reduce	EGWG.	A	secondary	outcome	was	to	promote	well-being	during	pregnancy.	
Participants	were	enrolled	in	the	study	and	randomized	to	one	of	two	groups	using	the	
random	generator	function	for	Microsoft	Excel	2007	for	Windows.	Both	the	research	
staff	and	participants	were	blinded	to	group	allocation	during	baseline	data	collection.	
Women	in	the	intervention	group	received	a	minimum	of	six	one-on-one	counseling	
sessions	with	a	Registered	Dietitian	Nutritionist	(RDN)/Licensed	Dietitian	trained	in	MI	
throughout	the	intervention.	The	usual	care	group	received	the	standard	prenatal	care	
provided	by	their	OBGYN.		
Participants.	A	total	of	56	women	were	enrolled	in	this	study.	Recruitment	for	
the	study	took	place	over	a	three-year	period.	Women	were	recruited	from	the	local	
metropolitan	community	using	fliers,	online	postings,	word	of	mouth,	and	mass	
recruitment	emails	sent	out	to	the	local	university.	Two	local	OBGYN	offices	also	
assisted	in	the	recruitment	of	women	from	the	area.		
To	be	included	in	the	study,	women	had	to	have	a	BMI	between	18.5-45.5	kg/m2,	
age	18-45	years,	between	8	and	14	weeks	gestation,	receiving	regular	prenatal	care,	
obtain	physician-documented	approval	to	participate	in	the	study,	no	prior	history	of	
chronic	disease	(e.g.,	Type	1	diabetes	mellitus,	cardiovascular	disease,	thyroid	disease),	
or	previous	diagnosis	of	gestational	diabetes	or	pre-eclampsia.	Only	inactive	women	
were	eligible	to	participate	in	the	study.	Sedentary	was	defined	as	participation	in	
exercise	≤3	sessions	per	week	for	less	than	30	minutes	per	day	for	the	last	6	months	
prior	to	conception.31-33	Prior	to	enrollment,	women	gave	written	informed	consent	to	
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participate.	The	study	was	approved	by	the	university	IRB	committee	and	was	registered	
as	a	clinical	trial	with	clinicaltrial.gov	(NCT02168647).		
Intervention	
Behavior-counseling	sessions.	Women	randomized	to	the	intervention	group	
participated	in	monthly	one-on-one	counseling	sessions	with	a	RDN/licensed	dietitian	
with	training	in	MI.	The	minimum	of	six	counseling	sessions	occurred	throughout	
participation	in	the	study.	The	sessions	were	used	to	promote	behavior	change	based	on	
the	theoretical	framework	of	SDT	and	Motivational	Interviewing	(MI)	principles.		
The	sessions	followed	SDT	constructs	of	autonomy,	competence,	and	
relatedness,	and	included	both	a	PA	and	dietary	component.	To	promote	behavior	
change,	researchers	used	the	MI	counseling	approach	to	facilitate	a	sense	of	ownership	
over	participant’s	behavior,	with	the	goal	to	internalize	the	locus	of	control	and	
motivation.	Strategies	used	by	the	researchers	included:	creating	an	automony-
supportive	environment	by	increasing	physical	activity	and	dietary	knowledge,	
supporting	change	talk	from	participants,	providing	positive	feedback	and	ideas	for	
behavior	change	when	advice	was	asked,	aiding	participants	in	the	exploration	of	their	
values,	goals,	and	the	discrepancies	between	current	behaviors	and	desired	outcomes,	
and	encouraging	choice	and	self-initiation.	Specific	examples	are	detailed	below.			
All	sessions	followed	the	four	phases	of	process	change	used	in	MI.26	Behavior	
change	techniques	specific	to	MI	were	used	at	each	session	and	include:	open-ended	
questions,	affirmation,	reflective	statements,	summary	statements	(OARS),	questions	to	
elicit	change	talk	(DARN	questions-	Desire,	Ability,	Reason,	Need),	double-sided	
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reflection,	hypothetical	thinking,	support	for	change,	emotional	support,	and	a	summary	
of	the	plan.	Session	structure	and	broad	goals	were	designed	to	model	a	successful	
weight	loss	SDT-based	intervention.28		
The	initial	intervention	session	(immediately	post-randomization)	included	
exploration	of	participant’s	motivation	for	behavior	change	using	a	readiness	ruler	
modeled	from	Mason	and	Butler.34	The	readiness	ruler	assessed	the	importance	to	
change,	confidence	to	change,	and	readiness	to	change	in	relation	to	the	question	“On	a	
scale	from	0	to	10,	with	10	being	very	blank	(important,	confident,	interested)…	how	
important	is	it	to	you	to	make	the	changes	necessary	to	have	a	healthy	pregnancy	and	
gain	the	appropriate	amount	of	weight	during	your	pregnancy?;	how	confident	are	you	
that	you	can	make	the	necessary	changes	to	have	a	healthy	pregnancy	and	gain	the	
appropriate	amount	of	weight	during	your	pregnancy?;	how	interested	are	you	in	
making	the	changes	necessary	to	have	a	healthy	pregnancy	and	gain	the	appropriate	
amount	of	weight	during	your	pregnancy?”.		
The	ruler	provided	guidance	on	future	conversations	between	the	RDN	and	the	
participants	regarding	their	readiness	to	make	PA	and/or	diet-related	lifestyle	changes.	
A	lower	score	(0	to	3)	required	expression	of	concern,	offering	of	support	and	
information.	A	medium	score	(4	to	7)	resulted	in	increased	exploration	of	the	positive	
and	negative	aspects	of	the	participant’s	reasons	and	desires	to	change.	A	high	score	(8	
to	10)	or	for	those	with	greater	readiness	to	change,	more	immediate	action	planning	
and	offering	of	information	was	provided.		
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Each	subsequent	session	focused	on	development	of	PA	and	diet	goals	specific	
to	the	individual	participant.	Each	session	was	approximately	30	minutes	and	each	
participant	was	asked	to	reflect	on	behavior	change	over	the	last	month.	At	each	
session,	participants	identified	one	PA	and	diet	goal	that	was	in-line	with	the	overall	goal	
of	having	a	healthy	pregnancy.	The	initial	sessions	goals	included	increasing	knowledge	
as	it	related	to	PA	and	diet	behaviors	and	the	presentation	of	the	Blossom	Project	Meal	
Plan	as	a	tool	to	facilitate	dietary	behavior	change.	The	first	three	sessions	focused	on	
exploring	inconsistencies	between	participant’s	values/goals	and	their	current	behavior.	
MI	behavior	change	techniques	(BCTs)	were	used	to	facilitate	behavior	change	and	
support	the	three	basic	psychological	needs	identified	in	SDT	as	necessary	to	encourage	
autonomous	regulated	motivation	(Table	1).35,	36		
In	addition	to	the	monthly	counseling	sessions,	an	email	was	sent	from	the	RDN	
to	each	participant	on	a	weekly	basis.	The	emails	were	used	to	provide	regular	
communication	and	support	to	the	intervention	women.		
Usual	Care.	Women	randomized	to	the	usual	care	group	did	not	participate	in	
the	behavior-counseling	intervention.	They	received	the	standard	care	provided	by	their	
medical	provider.	Additionally,	women	in	the	usual	care	group	were	asked	to	provide	
consent	for	the	weight	at	each	of	their	prenatal	appointments	to	be	faxed	to	the	
research	staff.	The	research	staff	plotted	their	weight	gain	(measured	weightprenatal	
appointment	minus	pre-pregnancy	weightself-report)	on	an	Institute	of	Medicine	growth	chart	
for	pregnancy	specific	to	their	pre-pregnancy	BMI	category.	The	plot	was	emailed	to	the	
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usual	care	subject	within	one	week	of	the	appointment	and	no	feedback	on	GWG	was	
provided.		
Measures.	GWG	was	the	primary	study	outcome.	While	PA	and	diet	were	our	
secondary	behavioral	outcomes.	
Anthropometrics	All	participants	were	weighed	within	0.1	kg	on	an	electronic	
scale	by	the	research	staff	at	three	data	collections	points	during	the	pregnancy:	
baseline	(week	8-14	of	gestation),	visit	2	(week	26-28	of	gestation),	visit	3	(week	34-36	
gestation),	and	at	2	months	post-partum.	Height	to	the	0.1	cm	was	measured	at	
enrollment.	Self-reported	pre-pregnancy	weight	and	measured	height	were	used	to	
calculate	pre-pregnancy	BMI	(kg/m2).	A	recent	study	that	included	a	cohort	of	5,092	
women	reported	high	validity	between	self-reported	pre-pregnancy	weight	and	clinically	
measured	weight	within	a	year	of	conception	(Spearman	correlation	coefficient	=	0.97)	
and	86.7%	correctly	classifying	pre-pregnancy	BMI	category.37	Gestational	weight	gain	
(GWG)	was	measured	as:	measured	weightdata	collection	visit	minus	pre-pregnancy	weightself-
report.		Post-partum	weight	retention	was	measured	as:	pre-pregnancy	weightself-reported	
minus	measured	weight2-months	post-partum.		
Physical	activity.	An	activity	monitor	was	used	to	measure	PA	variables	at	the	
three	data	collection	points	in	pregnancy.	The	SenseWear®	Mini	armband	(SenseWear®	
armband	by	BodyMedia,	Inc.,	Pittsburgh,	PA)	was	worn	on	the	upper	left	arm	and	used	
to	measure	energy	expenditure	and	moderate-vigorous	physical	activity	in	bouts	of	20-
minutes	or	more,	in	line	with	American	College	of	Obestetricians	and	Gynecologists	PA	
recommendations.38	See	chapter	4	for	detailed	explanation	of	PA	analysis.	
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Dietary	intake	At	each	data	collection	point,	women	completed	a	three	day	
weighed	food	log	during	each	data	collection	point	(one	weekend	day	and	two	
weekdays).	Women	were	visually	and	verbally	shown	by	the	RDN	how	to	weigh	and	
record	the	food	and	asked	to	provide	detailed	information	on	all	food	items	recorded	in	
the	log.	Food	logs	were	analyzed	using	Nutritionist	Pro™	(Axxya	Systems,	Stafford,	TX).	
Refer	to	Chapter	4	for	detailed	explanation	of	diet	analysis.		
Psychosocial	measures	All	participants	completed	a	series	of	self-administered	
validated	questionnaires	at	each	data	collection	point	throughout	the	study.	Our	
primary	psychosocial	outcome	was	perceived	competence	and	self-efficacy,	depression,	
and	the	health	care	climate	support	questionnaire	were	all	secondary	outcomes.		
The	Edinburg	Depression	Scale	(EDS)39	is	a	10-item	questionnaire	developed	for	
postpartum	women.	It	has	been	validated	in	a	group	of	non-childbearing	mothers40	and	
during	pregnancy.41	The	questions	are	scored	on	a	scale	of	0	to	3,	with	3	indicating	
higher	seriousness	of	symptoms.	The	total	score	ranges	between	0	and	30.	A	score	of	
10-12	indicates	presence	of	depressive	symptoms	and	a	score	above	13	indicates	need	
for	further	assessment	and	management	of	potential	depression.39	Estimated	internal	
reliability	and	consistency	for	EDS	items	in	this	sample	was	α	=	0.82.		
Barriers	to	exercise	were	assessed	using	a	10-item	scale	adapted	to	pregnancy.42	
Each	item	or	barrier	to	exercise	was	preceded	by	the	stem	“I	do	not	exercise	because…”	
with	a	10-item	response	(e.g.,	“I	do	not	exercise	because	I	am	feeling	tired”).	Questions	
were	scored	on	a	Likert	scale	ranging	from	1	=	minor	barrier	to	6	=	major	barrier.	
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Reliability	and	internal	consistency	of	barriers	to	exercise	items	in	this	sample	were	
tested	using	Cronbach’s	α	(α	=	0.83).	
The	Perceived	competence	scale	(PC)	is	a	4-item	questionnaire	to	assess	the	
degree	in	which	participants	felt	confident	in	their	ability	to	make,	maintain,	or	a	change	
behavior.	The	scale	was	created	by	William	and	Deci	and	meant	to	be	adapted	for	
different	targeted	behaviors.43,	44	Participant’s	responded	to	a	PCS	specific	to	exercise	
and	a	PCS	for	diet.	Participants	were	asked	to	indicate	the	extent	to	which	each	
statement	in	the	PCS	was	true.	An	example	of	a	PCS	for	diet	is	“I	now	feel	capable	of	
maintaining	a	healthy	diet”	and	a	PCS	example	for	exercise	is	“I	am	able	to	meet	the	
challenge	of	being	physically	active	during	all	trimesters	of	my	pregnancy”.	Answers	on	
the	4-item	scales	were	rated	on	a	7-point	Likert	scale	ranging	from	1	=	not	true	at	all	to	
7	=	very	true.	The	internal	consistency	and	reliability	for	PCS	diet	and	PCS	exercise	in	this	
sample	were	α	=	0.81	and	α	=	0.70,	respectively.		
Self-efficacy	(SE)	to	regulate	exercise	and	diet	was	measured	using	a	scale	that	
was	created	based	on	recommendations	by	Bandura45,	46	and	McAuley	and	Mihalko47.	
The	exercise	scale	included	18	items	to	assess	the	participants’	degree	of	confidence	in	
their	ability	to	perform	regular	exercise	three	or	more	times	per	week	when	provided	
with	a	specific	situation	(e.g.,	“I	can	regularly	exercise	when	I’m	feeling	tired.”).	The	diet	
scale	included	29	items	to	assess	participants’	degree	of	confidence	in	their	ability	to	
maintain	a	healthy	diet	on	a	regular	basis	provided	with	a	certain	situation	(e.g.,	“I	can	
maintain	a	healthy	diet	while	watching	television”).	Scores	were	summed	and	averaged	
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to	a	single	mean	score.	The	sample	Chronbach’s	was	α	=	0.70	for	SE	exercise	and	α	=	
0.87	for	SE	diet.		
The	health	care	climate	questionnaire	(HCCQ)48	was	used	to	as	a	check	to	assess	
participants	perceived	feelings	of	support	provided	by	health-care	practitioners	
(doctors,	nurses,	counselors,	etc.)	throughout	pregnancy.		Women	enrolled	in	the	study	
did	not	come	from	a	single	care	provider	and	this	scale	was	used	as	a	manipulation	
check	for	difference	in	health-care	practitioners	support.	Answers	to	the	15	item	scale	
were	rated	on	a	7-point	Likert	scale	ranging	from	1	=	strongly	disagree	to	7	=	strongly	
agree.			
A	Needs	satisfaction	in	individualized	lifestyle	counseling	program	included	
domain-specific	responses	to	the	individualized	counseling	questions	needed	to	assess	
the	three	basic	needs	identified	by	SDT	as	necessary	for	self-regulation	of	motivation.	
The	needs	satisfaction	scale	was	only	given	at	the	last	time	point	and	only	to	the	
intervention	group.	The	three	domains	included	autonomy,	relatedness,	and	
competence.	Women	were	asked	to	consider	the	experience	with	the	research	
counselor	and	respond	to	“how	the	individualized	lifestyle	counseling	made	me	feel…”	
responses	on	a	Likert	scale	ranging	from	1	(strongly	disagree)	to	7	(strongly	agree).	Four	
of	the	responses	represented	feelings	of	autonomy	(e.g.,	“…made	me	feel	free	to	decide	
for	myself	what	to	do”),	four	represented	relatedness	(e.g.,	“…made	me	feel	that	I	
belong	and	the	people	here	care	about	me”),	and	three	represented	competence	(e.g.,	
“…made	me	feel	that	I	am	capable	of	controlling	my	weight	gain	during	my	pregnancy”).	
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Scores	are	presented	as	an	average	of	each	domain.	Overall	reliability	and	internal	
consistency	were	high	for	this	sample	(α	=	0.83).		
Statistical	analysis	
	 Descriptive	characteristics	were	assessed	with	independent	t-tests	and	chi-
square	analyses	to	compare	differences	between	groups.		
	 Mixed-model	repeated	measure	analysis	was	used	to	test	intervention	effects	
and	compare	differences	between	and	within	groups	over	time.	The	interaction	term	of	
treatment	x	time	was	used	to	assess	difference	over	time	and	between	groups	and	post	
hoc	pairwise	comparisons	were	done	on	any	significant	differences.		
	 To	assess	changes	in	diet	and	physical	activity	behavior,	mixed-model	repeated	
measure	analysis	was	used	with	subject	included	as	a	random	effect.	The	analysis	
included	a	comparison	over	time,	across	group,	and	the	interaction	of	time	x	group.		 	
Pearson	correlations	were	used	to	assess	if	the	mediators	(psychosocial	
variables)	were	related	to	the	studies	primary	outcome	(GWG).	Significant	correlations	
between	mediators	and	GWG	were	further	examined	using	partial	correlation	
controlling	for	group	assignment.	Significant	correlations	between	psychosocial	
variables	and	GWG	were	further	analyzed	using	stepwise	multiple	regression	analysis	to	
identify	significant	predictors	of	weight	gain.	Two	multiple	regression	models	were	used	
to	test	diet-related	predictors	and	activity-related	predictors.	One	participant	was	
excluded	from	the	correlation	and	regression	analyses	due	to	unexpected	weight	loss	
related	to	non-study	related	health	complication	after	enrolling	in	the	study.	
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Significance	was	set	at	p<0.05.		Statistical	analyses	were	conduced	in	JMP	Pro	
13.1.0	(SAS	Institute	Inc.,	Cary,	NC).			
Results	
	 Out	of	the	56	enrolled,	8	did	not	complete	all	data	collection	visits	in	the	study.	
Expect	when	otherwise	specified,	a	total	of	48	women	were	included	in	the	final	
analysis.	There	was	no	difference	in	descriptive	characteristics	between	groups	(Table	
2).	Therefore,	descriptive	variables	were	not	included	as	covariates	in	subsequent	
analyses.		
	 Treatment	effects.	Changes	in	psychosocial	variables	during	the	intervention	are	
described	in	Table	3.	Mixed-model	repeated	measures	analyses	showed	no	significant	
difference	on	barriers	to	exercise	or	EDS	between	or	within	groups.	Except	for	barriers	
to	exercise,	all	variables	changed	in	the	expected	direction	in	the	intervention	group	and	
the	opposite	direction	in	the	usual	care	group	(Table	3).		
	 When	groups	were	compared,	all	differences	favored	the	intervention	group	
(Table	3).	Perceived	competence	(PC)	for	diet	and	PA	both	had	a	significant	interaction	
between	treatment	x	time.	Post	hoc	pairwise	comparison	showed	that	PC	for	diet	was	
significantly	higher	for	the	intervention	group	compared	to	the	control	at	week	34-36	of	
gestation	(p	=	0.018)	and	PC	for	PA	was	significantly	higher	in	the	intervention	group	at	
weeks	26-28	gestation	(p	=	0.0033)	and	at	weeks	34-36	of	gestation	(p	=	0.0019)	
compared	to	usual	care.	In	the	usual	care	group,	PC	for	PA	significantly	decreased	from	
baseline	to	week	34-36	of	gestation	(p	=	0.0059).		
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	 Self-efficacy	(SE)	for	diet	and	SE	for	exercise	both	had	a	significant	interaction	for	
treatment	x	time.	Post	hoc	pairwise	comparison	analysis	of	SE	diet	variables	showed	
that	scores	significantly	increased	in	the	intervention	group	from	baseline	to	week	34-36	
gestation	(p	=	0.014).	Scores	for	SE	diet	were	significantly	greater	in	the	intervention	
group	at	2-months	post-partum	compared	to	the	usual	care	group	(p	=	0.0041).	SE	
exercise	significantly	increased	in	the	intervention	group	from	baseline	to	week	26-28	
gestation	(p	=	0.036)	and	significantly	decreased	in	the	usual	care	group	from	baseline	
to	week	34-36	gestation	(p	=	0.017).	SE	exercise	was	also	significantly	different	between	
groups	at	both	week	26-28	gestation	(p	=	0.0042),	week	34-36	(p	=	0.0006),	and	2-
months	post-partum	(p	=	0.0091).		
	 Participants	in	the	intervention	group	reported	high	scores	for	competence	(6.0	
±	0.9),	relatedness	(6.0	±	0.7),	and	autonomy	(5.8	±	0.8)	on	the	needs	satisfaction	for	a	
lifestyle	intervention	counseling	program	inventory	given	at	weeks	34-36	gestation.	
There	was	no	difference	in	HCCQ	score	between	groups	(5.1	±	1.2	usual	care	versus	5.0	
±	1.7	intervention,	p	=	0.67).		
	 Behavioral	measures.	Physical	activity,	as	measured	in	MVPA	in	bouts	of	20-
minutes	or	more,	increased	in	the	intervention	group	from	baseline	to	mid-pregnancy	
compared	to	a	decline	in	MVPA	in	the	usual	care	group.	Figure	1a	and	1b	show	a	graphic	
relationship	between	PA	and	exercise-related	psychosocial	variables	change	over	time	
by	group.	In	figure	1a	both	psychosocial	and	MVPA	variables	increase	in	the	intervention	
group	from	baseline	to	mid-pregnancy.	MVPA	decreases	in	late	pregnancy	in	the	
intervention	group	along	with	a	slight	decrease	in	SE	for	exercise.		Figure	1b	shows	the	
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increase	in	average	steps	per	day	in	the	intervention	group	from	baseline	to	mid-
pregnancy	parallel	to	the	increase	in	SE	for	exercise.	Average	steps	per	day	decreases	in	
the	usual	care	group	from	baseline	to	mid-	and	late-pregnancy	in	line	with	the	decrease	
in	SE	for	exercise.		
Diet	quality,	as	measured	using	the	Healthy	Eating	Index	(HEI),	significantly	
increased	from	baseline	to	mid-pregnancy	in	the	intervention	group	(p	=	0.0065)	
compared	to	a	decrease	in	the	usual	care	group.	Figure	1c	compares	the	change	in	
perceived	competence	for	diet	and	HEI	over	time	and	between	groups.	HEI	and	
perceived	competence	for	diet	both	increase	from	baseline	to	mid-pregnancy	in	the	
intervention	group	and	HEI	score	and	perceived	competence	for	diet	decrease	in	the	
usual	care	group.		
	 Associations	between	predictors	and	weight	gain.	For	all	variables	except	
barriers	to	exercise,	negative	correlations	represent	relationships	between	increases	in	
the	predictor	and	decreases	in	GWG.		At	the	mid-point	of	the	intervention	(week	26-28	
gestation),	the	strongest	correlates	of	GWG	were	decreases	in	perceived	diet	
competence,	exercise	self-efficacy,	and	diet	self-efficacy	(Table	4).		At	the	end	of	the	
intervention	(weeks	34-36	gestation)	the	strongest	correlates	of	GWG	were	decreases	in	
perceived	diet	competence,	exercise	self-efficacy,	diet	self-efficacy	and	an	increase	in	
barriers	to	exercise.	Perceived	diet	competence	was	the	only	significant	predictor	of	2-
month	post	partum	weight	retention.	
	 Two	multiple	regression	models	with	GWG	as	the	dependent	variable	and	group	
assignment	as	a	forced	covariate	were	used	to	analyze	predictors	of	GWG.	Using	the	
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significant	correlates	of	GWG	(found	in	table	4),	a	stepwise	multiple	regression	was	run	
for	significant	diet-related	correlates	and	activity-related	correlates.	Only	perceived	
competence	for	diet	at	the	end	of	the	intervention	was	a	significant	predictor	of	GWG	
(r2	=	-0.14,	p	=	0.0257)	in	the	diet-related	regression	model.	In	the	exercise-related	
model,	barriers	to	exercise	at	the	end	of	the	intervention	was	the	only	significant	
predictor	of	GWG	(r2	=	0.20,	p	=	0.0051).		
	 The	same	two	models,	with	the	inclusion	of	postpartum	perceived	competence	
for	diet	in	the	diet-related	correlate	model,	were	used	to	predict	two-month	
postpartum	weight	retention.	Only	postpartum	perceived	competence	for	diet	was	a	
significant	predictor	of	weight	retention	(r2	=	-0.12,	p	=	0.02).	None	of	the	activity	
correlates	were	a	significant	predictor	of	weight	retention.		
Discussion	
	 In	this	study,	we	explored	the	change	in	motivation,	self-regulation,	and	
behavioral	components	in	pregnant	women	enrolled	in	a	theory	based	GWG	
intervention.	The	hypothesis	that	women	in	the	intervention	group	would	improve	self-
regulatory	psychosocial	variables	including	perceived	competence	for	diet	and	PA	and	
self-efficacy	for	diet	and	exercise	was	supported.	Furthermore,	the	positive	changes	in	
psychosocial	variables	continued	into	the	postpartum	period	in	the	intervention	group.	
We	also	found	evidence	that	participating	in	the	intervention	modified	healthy	
behaviors	such	as	diet	quality	and	PA	in	previously	sedentary	pregnant	women.	Overall,	
the	results	of	this	study	support	the	benefits	of	a	theory-based	intervention	to	address	
self-regulation	and	behavior	change.	
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	 In	accordance	with	SDT	and	MI,	participants	were	encouraged	to	explore	their	
own	path	to	behavior	change	facilitated	by	the	research	staff.	During	pregnancy,	when	
women	may	be	more	motivated	to	change,	there	are	additional	barriers,	both	perceived	
and	inherent	to	pregnancy,	that	minimize	the	likelihood	that	healthy	behaviors,	
specifically	PA,	will	improve.		
Understanding	and	enhancing	pregnant	women’s	perceptions	of	the	value	of	PA	
during	pregnancy	is	an	important	component	in	changing	PA	behavior.	Gaston	et	al	
demonstrated	that	pregnant	women	who	identified	themselves	as	being	farther	along	
the	SDT	motivation	continuum	were	less	likely	to	identify	perceived	exercise	barriers.49	
This	study,	as	well	as	other	studies	that	have	explored	the	relationship	between	exercise	
beliefs,	barriers	and	frequency	of	exercise	behaviors,	support	that	there	is	an	inverse	
relationship	between	participation	in	PA	and	perceived	barriers50,	perceived	
competence,	and	self-efficacy	for	exercise.51	
Findings	from	this	study,	the	first	lifestyle	intervention	study	in	pregnancy	to	use	
SDT,	support	the	empirical	use	of	the	theory	to	direct	and	facilitate	internalization	of	
perceived	behavioral	regulation.	Over	time,	women	in	the	intervention	group	reported	
increases	in	SDT-related	variables	that	paralleled	positive	changes	in	behavior	and	
weight	gain.	Research	studies	in	the	non-pregnant	population	have	clearly	shown	that	
greater	forms	of	self-regulation	are	associated	with	positive	heath	outcomes	such	as	
weight	loss28,	improved	glycemic	control	in	diabetic	patients44,	smoking	cessation52,	and	
greater	adherence	to	long-term	PA53.			
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In	this	study,	women	were	guided	towards	behavior	change	rather	than	told	how	
to	change	their	behavior.	Autonomy	was	supported	with	the	use	of	behavioral	goals	
created	by	the	participant	rather	than	provided	as	instruction	from	the	research	staff.	
Women	were	able	to	feel	a	sense	of	choice	and	with	the	guidance	of	the	research	staff,	
understand	how	to	plan	and	achieve	realistic	achievable	goals.	In	accordance	with	the	
principles	of	SDT,	when	supportive	conditions	are	in	place	(competence,	relatedness,	
autonomy),	people	can	feel	confident	in	themselves	to	make	a	behavior	change	that	
they	initiated	willingly.		
It	is	important	that	women	in	this	study	reported	high	agreement	with	SDT	
intervention	constructs	as	this	provides	evidence	to	support	previous	research	
demonstrating	that	when	the	intervention	staff	supports	the	basic	needs	of	self-
determination,	participants	feel	less	controlled.54,	55	Increased	autonomy-support	
allowed	women	in	the	intervention	to	feel	more	autonomous	to	make	their	own	
decisions,	in-line	with	a	more	self-determined	motivational	regulation.		
Utilization	of	the	MI	counseling	approach	likely	fostered	self-motivated	behavior	
change	by	helping	the	participant’s	self-identify	reasons	to	change,	supporting	the	
choice	to	change,	and	development	of	appropriate	goals.	The	strategies	MI	utilized	
provide	support	in	promoting	the	internalization	and	integration	of	new	behaviors.	We	
are	only	aware	of	one	previous	GWG	intervention	that	used	the	MI	approach	in	an	
obese	Belgian	population.17	Although	the	intervention	was	effective	at	lowering	total	
GWG	compared	to	the	control	(10.6	kg	±	7	vs.	13.7	±	7.3),	61.8%	of	the	intervention	
group	still	gained	more	than	9	kg,	the	high	end	of	the	2009	IOM	recommendation	for	
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weight	gain	in	obese	pregnant	women	(range	5-9.1	kg).17	The	study	also	failed	to	
measure	change	in	motivation	or	the	constructs	related	to	the	stages	of	change	model,	
the	behavior	change	theory	used	to	inform	the	intervention	program.17	Unlike	the	
current	study,	the	authors	failed	to	describe	how	they	used	specific	elements	of	MI	to	
support	the	basic	needs	of	competence,	autonomy,	and	relatedness	to	promote	more	
autonomous	motivation.		
Few	theory-based	GWG	intervention	studies	have	reported	on	the	intervention	
effects	of	measured	changes	in	theory	constructs	that	could	be	used	to	predict	
behavior.16-19	One	study	that	did	report	on	measured	psychosocial	changes	during	the	
intervention	was	the	HIPP	study	(Health	in	Pregnancy	and	Post	Birth	Study).15	This	GWG	
intervention	based	on	a	number	of	theoretical	health	behavior	change	constructs	and	
behavior	change	techniques,	reported	on	psychosocial	measures	including	motivation,	
knowledge,	expectations,	and	body	attitudes.	The	study	was	unsuccessful	at	preventing	
EGWG	however,	women	in	the	health-coaching	group	reported	higher	levels	of	
readiness	and	importance	to	achieve	healthy	GWG,	improved	sleep	quality,	and	
increased	knowledge	regarding	GWG	and	fetal	health.		
Although	the	HIPP	study	found	the	intervention	group	improved	motivation	to	
engage	in	healthy	lifestyle	behaviors	during	pregnancy,	the	researchers	failed	to	define	
healthy	lifestyle	behaviors	in	pregnancy	or	collect	behavioral	data.15	Furthermore,	the	
study	authors	did	not	identify	how	theory-based	constructs	were	used	in	the	
implementation	of	the	intervention.	It	is	critical	that	theory-based	interventions	
properly	identify	how	theories	inform	interventions	and	in	turn,	collect	data	that	will	
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help	to	determine	which	components	of	the	intervention	worked	to	produce	expected	
outcomes.			
It	is	important	to	note	that	in	this	current	study,	women	in	the	intervention	
reported	an	increase	in	self-regulatory	variables	related	to	behavior.	When	compared	to	
usual	care,	in	which	all	psychosocial	variables	decreased,	the	intervention	group	
significantly	increased	perceived	competence	and	self-efficacy	as	they	relate	to	both	
diet	and	activity.	In	addition	to	increasing	levels	of	perceived	competence	and	self-
efficacy,	women	in	the	intervention	group	reported	high	satisfaction	with	the	three	
basic	needs	necessary	to	facilitate	internalization	of	motivation	(competence,	
relatedness,	autonomy).		
The	change	in	MVPA	behavior	at	the	end	of	the	intervention	was	somewhat	
unexpected,	specifically	the	increase	above	baseline	MVPA	in	the	usual	care	group.	We	
did	anticipate	there	would	be	an	increase	in	overall	activity	in	the	intervention	group	
and	a	decrease	from	mid-pregnancy	to	late-pregnancy	was	expected.	Even	with	the	
intervention,	it	is	typical	to	see	a	decrease	in	intentional	activity	towards	the	end	of	
pregnancy,	in	both	the	general	population	and	in	previous	behavioral	intervention	
studies.		
The	FeLIPO	study	(Feasibility	of	a	Lifestyle-Intervention	in	Pregnancy	to	Optimize	
maternal	weight	development)	a	randomized	controlled	trial	in	Germany,	assessed	the	
effectiveness	of	a	lifestyle	intervention	to	prevent	EGWG	and	specifically	targeted	
changes	in	physical	activity	behaviors.56	The	intervention	included	individual	counseling	
on	PA	recommendations,	instruction	on	how	to	achieve	the	recommendations,	and	self-
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reported	weekly	PA	logs	monitored	by	the	research	staff.	Self-reported	PA	data	
demonstrated	that	women	in	the	intervention	group	maintained	baseline	PA	into	mid-
pregnancy	compared	to	a	decrease	in	PA	in	the	control	group.	However,	similar	to	our	
findings,	the	intervention	group	PA	level	decreased	from	mid-pregnancy	to	late-
pregnancy.	Other	behavior	change	intervention	studies	have	reported	an	increase	in	
baseline	PA	measures	to	mid-pregnancy	but	many	published	studies	have	not	reported	
PA	behavior	changes	or	only	report	findings	from	mid-pregnancy.18,	57		
It	was	not	surprising	to	observe	a	decline	in	PA	in	late	pregnancy,	regardless	of	
psychosocial	PA	variable	improvements.	It	is	well	known	that	demographic	
characteristics	play	a	role	in	behavior	patterns	during	pregnancy50	but	unlike	
psychosocial	variables,	demographic	characteristics	are	harder	to	modify.	Pregnant	
women	frequently	report	feeling	too	tired,	physical	limitations,	concerns	about	safety	or	
being	too	busy	as	barriers	to	PA	during	pregnancy,	especially	towards	the	end	of	
pregnancy58,	59.	Although	MVPA	variables	did	decrease	in	the	intervention	group	in	late	
pregnancy,	SE	for	exercise	remained	high	in	late-pregnancy	and	the	postpartum	period.	
It	is	important	to	note,	that	although	MVPA	increased	in	the	usual	care	group	in	late-
pregnancy,	average	steps	per	day	declined	from	baseline	to	the	end	of	pregnancy.	For	
future	studies,	it	might	be	beneficial	to	collect	post-partum	PA	measures	to	assess	what	
impact	the	psychosocial	changes	during	pregnancy	have	in	the	long-term,	during	the	
postpartum	period	when	sustained	high	amounts	of	PA	are	more	physical	feasible.			
Overall,	the	results	of	this	study	support	that	a	theory-based	lifestyle	
intervention	in	pregnancy	can	lead	to	a	positive	change	in	both	psychosocial	variables	
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and	healthy	behaviors.	The	fact	that	pregnancy	in	and	of	itself	is	a	barrier	to	behavior	
change	highlights	the	importance	of	finding	an	effective	intervention	that	can	positively	
impact	healthy	behaviors,	self-regulation	and	promote	appropriate	gestational	weight	
gain.		
	 There	were	a	number	of	strengths	to	this	study,	such	as	a	theoretically	
integrated	intervention	paired	with	an	evidence-based	counseling	approach.	Because	
the	sample	population	willingly	enrolled	in	the	study	with	the	understanding	they	would	
be	participating	in	a	behavior	change	intervention,	it	was	possible	that	this	sample	of	
women	had	an	underlying	motivation	to	make	positive	behavior	modifications	during	
pregnancy.	Inclusion	of	baseline	assessment	prior	to	group	randomization	helped	to	
control	for	changes	observed	across	pregnancy.		
The	study	was	not	without	limitation.	The	majority	of	participants	enrolled	were	
white,	married,	and	had	some	form	of	post-secondary	degree;	however,	the	sample	
population	was	reflective	of	the	enrollment	community’s	general	population.	The	
primary	purpose	of	the	study	was	powered	to	detect	a	difference	in	adherence	to	IOM	
weight	gain	recommendations.	The	small	sample	size	limited	the	ability	to	conduct	a	
mediation	analysis	to	further	understand	how	the	changes	in	psychosocial	variables	
facilitated	behavior	change	and	subsequently	influenced	GWG.	In	the	future,	studies	
should	consider	including	assessments	of	environmental	support	(e.g.,	structure	and	
involvement)	and	behavioral	regulation	(e.g.,	external	vs.	intrinsic	motivation)	to	better	
understand	the	process	of	motivational	change	in	the	structure	of	a	lifestyle	
intervention.		
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Conclusion	
In	conclusion,	the	theory	based	GWG	intervention	using	a	randomized	controlled	
design	positively	changed	mediators	of	behavior	in	the	intervention	group.	
Furthermore,	there	was	a	correlation	between	increases	in	the	measured	psychosocial	
mediators	and	total	GWG,	both	before	and	after	controlling	for	group	randomization.	
The	success	of	the	intervention	to	change	both	healthy	behavior	and	mediators	of	
behavior	change	provides	foundation	for	further	use	of	behavior-theory	in	GWG	
interventions.	
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TABLES	
	
	
Table	1.	Summary	of	intervention	session	strategies	and	relation	to	SDT	constructs	and	MI	
techniques	
	
∞MI	content	BCT,	wMI	relational	BCT35;¤BCCTv1	coding36;	SDT:	Self-determination	theory;	MI:	
Motivational	interviewing;	PA:	physical	activity;	SMART:	Specific,	Measurable,	Achievable,	
Results-focused,	Time-bound	goals.	
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1Values	are	reported	as	means	±	SD.	
	
	
Table	2.	Descriptive	characteristics	of	study	participants	at	baseline1	
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1Values	are	reported	as	means	±	SD.	2Calculated	as	mean	intervention	minus	usual	care.		
aMain	effect	of	group.	
bPairwise	comparison	significant	difference	between	groups.	
cPairwise	comparison	difference	within	group	over	time.	
*p<0.05,	**p<0.01,	***p<0.001	
	
	
Table	3.	Change	in	psychosocial	and	behavioral	variables	during	pregnancy	by	group1	
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Table	4.	Correlation	between	psychosocial,	GWG,	and	post	partum	weight	retention	
	
*p<0.05,	**p<0.01,	***p<0.001;	partial	ra	adjusted	by	intervention	group.	
	
`	
	
179	
Figures	
	
	
	
Figure	1a.	Changes	in	MVPA	in	20-minute	bouts	or	more	and	self-efficacy	for	exercise	
over	time	by	group	
Figure	1b.	Changes	in	average	steps	per	day	and	self-efficacy	for	exercise	over	time	by	
group	
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Figure	1c.	Changes	in	diet	quality	and	perceived	competence	for	diet	over	time	by	
group	
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CHAPTER	6:	GENERAL	CONCLUSIONS	
	
	
It	has	been	said	that	pregnancy	is	the	opportune	moment	to	make	positive	
changes	that	directly	affect	the	health	of	two	people,	mother	and	infant.	In	Healthy	
People	2020,	a	report	published	every	decade	with	specific	objectives	for	improving	the	
health	of	all	Americans,	objective	9	out	of	10	calls	for	a	10%	decrease	in	obesity	
prevalence	in	US	adults	by	2020.1	A	recent	hypothetical	impact	study	demonstrated	that	
prevention	of	excessive	gestational	weight	gain	(EGWG)	yields	meaningful	reductions	in	
long-term	obesity.	Based	on	the	study	analysis,	elimination	of	EGWG	results	in	a	10.7%	
reduction	of	midlife	obesity	in	first	time	pregnancies	and	a	9.3%	reduction	in	second	
pregnancies.2	The	results	of	the	impact	study	provide	promise	for	the	efforts	put	
towards	eliminating	obesity	and	also	highlight	the	need	to	intervene	before	the	
cumulative	effects	of	EGWG	counteract	the	prevention	of	mid-life	obesity.		
The	randomized	controlled	trial	presented	in	this	dissertation,	the	Behavioral-
Wellness	in	Pregnancy	study,	provides	an	important	foundation	on	which	to	build	future	
GWG	interventions	and	in	turn,	promote	appropriate	weight	gain	in	pregnancy.	The	
intervention	was	successful	at	significantly	increasing	the	proportion	of	women	that	met	
the	2009	IOM	weight	gain	recommendations.	Objective	physical	activity	and	weighed	
diet	data	demonstrated	significant	improvements	in	average	daily	step	count,	20-	and	
30-	minute	bouts	of	moderate-vigorous	physical	activity,	and	diet	quality.	Overall	
lifestyle	behaviors	associated	with	healthy	pregnancy	improved	and	were	significantly	
greater	in	the	intervention	group	compared	to	the	control.	Similarly,	participation	in	the	
intervention	improved	psychosocial	variables	including	self-efficacy	for	diet	and	
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exercise.	Women	in	the	intervention	group	reported	significantly	greater	competence	
for	diet	and	physical	activity	in	mid-	and	late-pregnancy	compared	to	the	usual	care	
group	as	well.	Lastly,	the	intervention	had	an	overall	positive	effect	on	the	three	basic	
needs	identified	as	critical	to	enhance	self-determined	motivation.		
Key	components	of	the	current	intervention	included	a	multi-component	
behavior	change	approach,	use	of	a	behavior	change	theory	to	inform	the	intervention	
design,	one-on-one	monthly	counseling	sessions	in	addition	to	weekly	contact	with	a	
RDN	trained	in	MI,	and	early	initiation	of	intervention.	Given	the	benefits	of	
participation	in	the	study,	clinicians	should	consider	the	inclusion	of	intervention	
components	in	regular	prenatal	care.		
Considering	the	current	national	trends	in	GWG,	the	findings	from	this	study	
demonstrate	the	ability	of	an	intervention	to	successfully	and	significantly	impact	the	
high	proportion	of	women	gaining	above	the	guidelines.	More	so,	improvements	in	
physical	activity	and	diet	quality	provide	strong	evidence	that	an	intervention	that	is	
theory-based	can	impact	healthy	behaviors	during	pregnancy.		
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APPENDIX	B.	RECRUITMENT	MATERIALS	
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PREGNANT WOMEN NEEDED! 
 
We	are	conducting	a	research	study	using	physical	activity	and	nutrition	
counseling	to	promote	improved	health	outcomes	in	pregnant	women.	
 
QUALIFICATION	CRITERIA	INCLUDES:	
•Must	be	pregnant	(before	week	14)	and	between	the	ages	of	18-45	
•Not	a	smoker	
•Not	pregnant	with	multiple	babies	(e.g.	twins)	
•No	history	of	chronic	disease	(e.g.	Type	1	diabetes,		Type	2	diabetes,	heart	disease,	renal	
disease,	untreated	thyroid	condition;	not	previously	diagnosed	with	gestational	diabetes	or	pre-
eclampsia)	
•Low-active	or	sedentary	lifestyle	prior	to	pregnancy	(<3	30-minute	intentional	exercise	
sessions)	
•Able	to	comprehend	the	information	shared	during	the	informed	consent	process	
•Approval	from	your	medical	provider	confirming	you	meet	the	qualification	criteria	will	be	
required	
	
	
A	maximum	of	4	data	collection	periods	required.	If	asked,	participant	willing	to	walk	10,000	
steps	daily,	meet	with	a	registered	dietitian	on	a	monthly	basis,	have	weekly	communication	
with	registered	dietitian,	and	follow	diet	recommendations	provided	by	the	registered	dietitian.	
	
Eligible	participants	will	be	compensated.	Participation	is	voluntary.	
	
For	further	information:		
Contact	the	Recruitment	Team	at	blossomproject@iastate.edu	or	515-294-8673	
	
	
	
ISU	IRB	#1	14-199	
Approved	Date:	26	March	2015	
Expiration	Date:	14	April	2018	
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The Blossom Project “Be Well” Recruiting Email 
Thank you for your reply! You do indeed qualify for a study that we are currently 
conducting.    
 
Here is more information about this study:   
  
The purpose of this study is to provide a behavioral-lifestyle intervention to promote 
physical activity, prevent excessive gestational weight gain, minimize postpartum weight 
retention, and enhance mental well-being in pregnant women. If you agree to participate 
in this study you will be randomized to one of two groups; Individuals in Group 1 will 
have your weight at each prenatal visit plotted on an Institute of Medicine prenatal 
weight gain growth chart and provided to you. If randomized to group 2 you will have the 
opportunity to receive one-on-one counseling with a registered dietitian throughout 
pregnancy to promote healthy nutrition and physical activity behaviors. During your time 
in the study you will also be given a Fitbit Flex® activity monitor to help you keep track of 
your activity and diet during your pregnancy. All of this is provided at no cost to you.  
 
Individuals in both groups will fill out various questionnaires related to your medical 
history and/or pregnancy.  At any time you are invited to discuss concerns that you have 
about the study protocol.  
 
You will visit the research center at ISU for 4 data collection periods at weeks 8-14, 26-
28, and 34-36 of your pregnancy; as well as 2-month postpartum. 
 
During the first three data collection periods the following measurements will be taken or 
collected: 
• Weight, 
• Physical activity assessment via 2 activity monitors worn on your arm and thigh 
for 8-days, 
• Dietary assessment by recording the food and beverage that you consume for 3-
days, 
• Body composition, and 
• Various questionnaires regarding self-efficacy, competence, motivation and 
barriers to control weight gain and exercise beliefs during pregnancy, and 
questionnaires to assess your physical health, psychological health, and social 
relationships.  
• Between weeks 8-14 postpartum your body composition (percent body fat) will 
be measured using the BodPod, a means of assessing body composition by 
means of air displacement plethysmography.   
• Between weeks 26-28 you will complete a 2-hour oral glucose tolerance test at 
our research facility 
 
Additionally, the following data will be collected to assess birth outcomes: 
• APGAR scores 
• Birth weight 
• Birth length 
• Head circumference 
• Gestational length at delivery 
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• Gender  
 
At two-month postpartum the following data will be collected: 
• Maternal weight 
• Maternal body composition (BodPod) 
• Questionnaires  regarding physical activity and the intervention 
• Length, weight, and body composition of the infant 
To qualify for our study you must be: 
• Between 18-45 years of age; 
• Pregnant prior to 14 weeks gestation; 
• Not pregnant with multiple babies (e.g. twins);  
• Not a smoker;  
• No history of chronic disease (e.g. Type 1 diabetes, Type 2 diabetes heart 
disease, renal disease, untreated thyroid condition; or previous diagnosis of 
gestational diabetes or pre-eclampsia); 
•   Low-active or sedentary lifestyle prior to pregnancy (< 3 30-minute intentional 
exercise sessions per week);  
•   BMI between 18.5 and 35.0 kg/m2; 
• Able to comprehend the information shared during the informed consent 
process. 
For your participation, you will receive $200 following completion of the two-month 
follow-up visit and return of all equipment. An additional $15 for each of the first three 
data collection periods can be earned if the activity monitors are not off of the body for 
more than 90 minutes per day. Therefore, a maximum total of $245 compensation is 
possible.   
I am attaching the consent form which provides more detailed information.  I'll be happy 
to answer any more questions that you may have.   
Please email me at buckingh@gmail.com if you have further questions.  Also, let me 
know whether you are or are not interested in participating.  If you are interested, 
please provide me with your availability for a 30-45 minute appointment in the next 
[time period to be specified depending upon what is applicable to the specific 
participant’s current gestational length]. 
I look forward to hearing from you soon! 
  
Thanks! 
 
Lyndi Buckingham 
Blossom Project Online Study Coordinator 
Iowa State University 
515-294-8673 
buckingh@gmail.com 
blossomproject@iastate.edu 
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